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PREFACE 



The purpose of this notebook is to assist educators who are designing and implementing 
inservice education programs to facilitate the effective use of Computer-Integrated Instruction ;,CII; 
in schools. CII involves the use of the computer as a problem solving tool. CU mcludes the use of 
applications such as databases, graphics, spreadsheets, telecommunications, and word processorb, 
these are generic applications in the sense that they can be used in many different subject areas and 
grade levels. CU also includes use of special purpose software designed to help solve the problems 
occurring in specific coiirses or disciplines. 

This Notebook was prepared by the staff of NSF Project TEI 8550588, which received three 
years of funding beginning September 1985. It is one of four notebooks to be prepared that 
include: 

• a3 Notebook for Elementary School 

• a3 Notebook for Secondary School Mathematics 

• CP Notebook for Secondary School Science 

• Cl3 Notebook for Secondary School Social Science 

The problem addressed by this NSF Research and Development Project is the disparity 
between the overall capabilities and potentials of Cn and the current implementation It v els of CU m 
our schools. There is strong support from computer-knowledgeable educational lead *rs for 
increased use of CU. 

Growth in appropriate use of CII depends on schools having: 

1. Access to appropriate hardware. 

2. Access to appropriate soft vare. 

3. Access to appropriate curriculum and instructional support materials. 

4. Appropriately trained teachers and school administrators who support increased use of CII. 

The cost of compu^^T hardware continues to decline even as its capabilities continue to increase. 
The amount of computer hardware available for instructional purposes is now sufficient to have a 
significant impact on schools. Moreover, hardware availability is continues to grow ver>' rapidl>. 
Th^s project assumes that the problem of hardware access will gradually diminish, thus, this project 
dcs not focus on the hardware problem. 

The quantity of educational software is continuing to grow, while the average quality continues 
to improve. A 1986 estimate suggested that there were about 10,000 educationally oriented, 
software programs for microcomputers commercially available. The Educational SoftMure Selector, 
published by EPIE, Usts nearly 8,000 tides. The amount and quality of Cn software now available 
is adequate to support extensive use of Cn in schools and to have a major impact on school 
cuniculunx The educational market is large enough to support a viable, competitive industry With 
many companies participating. 

This project does not focus on the overall problem of educational software. However, each 
Notel ook contains information about a number of pieces of educational software. To tht extent 
possible, the focus is on currendy available generic Cn software. In cases where more specific 
pieces of Cn software are discuc,sed, they were selected because they are readily available, and ore 
apt to remain so for some years to come, and because they fit the specific instructional needs of the 
authors of these notebooks. 

Instructional suppon materials include textbooks, workbooks, and reference materials, films, 
filmstrips, and video tapes; and course goals, course outUnes, and teacher support materials. 
Although tH^re is a substantial amount of instructional support material for learning/teaching about 
computer teaching computer literacy, computer programming, and computer science), the amount 
of instructional support materials for CII is still quite limited. This project includes the development 
of a modest amount of Cn teacher support materials; a number of sample lesion plans have been 
developed and are mcluded in the notebooks, for example. 
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It is not, however, a major goal of this project to develop CII instructional support material^). 

The NSF Research and Development project focuses on the development of effective meihodb 
for the inservice education of educators interested in Cn. The materials contained in the notebooks 
are intended for computer education leaders who are designing and implementing Cn inservice 
education workshops and courses. Each notebook contains a detailed outline of an eight ^e^bion 
workshop along with support materials. A number of "Copy Me" pages are included for 
dissemination in an inservice workshop or course. 

It is recognized that designers and deliverers of inservice education vary widely in their 
experience, computer background, and academic area of specialization. With this in mind, two 
general methods are envisioned for using the materials in these notebooks. First, an mservi^e 
provider might rely heavily on a particular notebook, following it closely in giving a sequence of 
workshops or a course. Second, an inservice provider might u^o these notebook materials to get 
ideas and to serve as resources in designing and presenting Cn instruction to educators. In either 
case it is expected thc^ Jie inservice provider will benefit from use of the notebook materials and 
will learn some new ideas about effective inservice and Cn. 

This Notebook presents a particular philosophy of inservice education. It is a process-oriented 
philosophy, as distinguished ftom a content oriented philosophy. Thus, an inservice education 
progrmn based on this Notebook will look quite different from the traditional computer-oriented 
inservices that have been widely presented in recent years. The resulting inservices are fun to lead 
and fun to participate in. They are an effective way to encourage the increased and appropriate ui>e 
of computer-integrated instruction in schools. 
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How to Read and Use This Notebook 



The purchaser of single copy of this NotQ^ook. receives a print copy and a copy in MacWrite 
format on 800K Macintosh disks, and a single user site license. 

The single user site license gives the one person who is designated 
as the "Primary User" of the site license the right to make copies of all 
of the materials in this book for classes he or she teaches. If the single 
user site license is purchased by a school or school district, the intent 
is that one person be designated as the "Primary User." If several 
people are to teach using this book, a multiuser site license should be 
purchased. The right to copy materials from the book does not transfer 
to participants in classes taught by the "Primary User." 

Infonnation about purchasing a multiuser site license can be obtained from the publi:>her, the 
International Council for Computers in Education, 1787 Agate Street, Eugene, Oregon 97403. 



P-ie disk copy is orgaiiized into folders, sub folders, and individual files in a systematic and 
relatively logical fashion. At the bottom of each page of i^e print copy there is information that \\ill 
help you locate the appropriate file on disk. The typical footer consists of three parts: 

Brief title of the book: CP Notebook 

File name: This is explained in more detail below. 

Page number within the specific file: Each file is numbered sequentially starring at page 1. 

The name of an individual file is two or three digits, separated by periods, and a brief title. 
You will notice that the name of the file you are currently reading is 0.4 Read and Use. The first 
digit of the sequence is a folder number. This file is In folder number 0. The second digit refers to 
a particular file A^dthin the folder unless there is a third digit. If there is a third digit, the becond digit 
refers to a subfolder number, and the third digit to a file within that subfolder. 



This Notebook contains a great deal of information to aid you in conduciii^g an effective 
L.service for integrating computers into the curriculum. Most readers will want to skip around in 
the material, rather than reading it from cover to cover. This section is a guide to help such readers 
by presenting a brief summary of each section and how and when to use it. 



Section 1: Effective Inservice 

Substantial literature exists on effective inservice. This section of the Notebook contains a 
brief summary of the effective inservice Ltterature followed by a discussion of the CI^ model for the 
inservices designed for this NSF project. We recommend that you read all of this section. 

Section 2: Background Infonnation 

The first part of this section is a general overview of computers in education. It might be used 
as a handout at an inservice for educators who have not had previous counework or extended 
workshops on computer uses in schools. 

The second part of this section discusses the roles of computers in problem solving. This is 
essential background information for all inservice presenters. It can also be used as a i.andout for 
workshop participants. 
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Section 3: Initiating/Planning an Inservice • 

This section offers a few suggestions to consrier when beginning to plan an inser\ ice. Novice 
inservice organizers will want to read this section. 

Section 4: An Eight-Session Mathematics Inservice 

The inservice described in this Notebook is eight sessions of two hours each. Although the 
information included can be presented in eight session, there is enough material for nearly 16 
sessions if desired. We suggest that you carefully read through the materials for the first session to 
get the general idea of the information presented. 

Session 1: Gr-aphing to Represent Data. We chose to introduce graphics in the first 
session because all math teachers seem to experience personal success in using graphics pa .kages. 
During ihis first session the participants will generate, use, and discuss line, bar, and circle graphs. 
The issue of when and how to use graphics software in math classes is discussed. 

Session 2: Graphing Equations. Additional work on line, bar, and circle graphs. Use 
and discussion of software that graphs equations. Discussion of possible uses in 3ie math 
curriculum and implications of Integrating routine use of graphics software into the math 

curriculum. 

Session 3: Spreadsheets. Introduction to spreadsheet software. Possible uses of 
spreadsheet softwa^ and similar software package: in the mathematics curriculum. (Note that 
adequate coverage of spreadsheets takes more than a single 2-hour session.) 

Session 4: Problem Solving. Although problem solving is a theme that runs 
throughout the 8 weeks of the inservice, this session is specifically devoted to problem-sohing 
software. We examine several pieces of software and discuss how they promote problem-solving 
skills. 

Session 5: Database, introduction to database software. Examination of possible uses of 
databases in the mathematics curriculum. 

Session 6: Geometry and Visualization. Examination of software designed to be used 
in the geometry ci'-riculum and software designed to help improve visualization skills. 

Session 7: Inverted Curriculunt What can each individual person, department, school, 
or district do to integrate computers into the math curriculum? Do we need to teach math topics in 
the order that we are currently teaching them? Can we start wf th generahzations and work 
backward to a specific algorithm? This session consists mainly of lecture, and small-group and 
large-group discussion. 

Session 8: Project Reports and Closure. Inservice participants, individually or in 
small groups, have been working on term projects throughout the inservice. This final session is 
devoted to project reports and final questions and discussion. An evaluation of the inservice is also 
conducted. 

Section 5: Instruments and Evaluation 

The NSF project used a variety of instruments for ne^ds assessment, formative evaluation, and 
summatiye evaluation. Copies of those instruments and a discussion of some of the results are 
included in Section 5. The NSF project inservices placed considerable emphasis on formative 
evaluation, and we recommend that workshop leaders do likewise. Such an emphasis will help 
workshop leaders adjust their presentations to meet the needs of participants. 
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Readers are also encouraged to study Seymour Hanfling's doctorate dissertation, which was 
completed in the fall of 1987. Hanfling^s work focu on formative evaluation of the NSF 
project. His dissertation was directed by Dick Rankni (the project evaluator) and Robert Sylwester. 
It provides substantial information about die effectiveness of die proj<5ct during its first year. 
Additional detailed infonnation on the long term effects of the project arc discussed in Vivian 
Johnson's doctorate dissertation completed in summer 1988 under the direction of Dick Rankin and 
Dave MoursunA 
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What the Research Literature Says 

Change is difficult It is difficult to inagine, difficult to plan for, difficult to implement, 
difficult to manage, and difficult to measure. Fullan (1982) stai^ - that, in the educational context, 
"change involves 'change in practice'" (p, 30) and he demonstrates several difficulties. For one, 
change is multidimensional; new materials, new teaching approaches, and alteration of beliefs must 
be considered 

Inscrvice training is a major 'cool in trie implementation of educational change. In reporting a 
research-based model for such training, (Gall & Renchler 1985), the authors state, "No one yet 
pretends to have discovered all ihe elements that make staff development progkdms completely 
successful" (p. I). One reason for this is the difficulty in designing studies that can "tease out" the 
effective practices finom the backgrt;und noise of incidental and uncontrolled effects. The most 
reliable measure of effectiveness — change in student behavior — is several steps removed from the 
major actions of most staff development programs, Joyce and Showers (1983) descnbe a model 
involving classroom-level coaching that promises to take the training ail the way to the level of 
observation of actual classroom practice, but such designs are rarely implemented due to limitationb 
of time and funding. 

Because change takes time and is best viewed as an ongoing process, the internal state of the 
learners — in this case, teachers themselves — ^is an important consideration. Hall (1982) showed 
'jiat it is desirable to match inservice to current levels of concern of the individual participants. 
Furthermore, continued tracking of the evolution of their level of concern can function as a 
diagnostic tool for modifying the content of training "on the fly," should modifications be 
necessary. 

The literature on inservice designs that are specific to computer educrtion is sparse. Gabel 
(1984) reviews the work of Isaacson (1980), Winner (1982), and Ferres (1983), and finds, that 
their essentially descriptive studies do not speak to the issue of effectiveness, but instead 
concentrate on the mechanics of developing and presenting special purpose inservice training. 
GabeUs own work concluded that the model suggested by Gall and Renchler (1985) was 3 valid 
and useful fiBmework for organizing computer education inservice. 

In this section, the categories for the dimensions of inservice follow those outlined by Gall and 
Renchler (1985) and are divided into five categories: content and organization, delivery system, 
organizational context, governance, and evaluation. 

Inservice Dimensions 

Content and Organization. The realm of the planning, development, delivery, and 
follow-up of actual training se'isions is below the level of more global concerns such as the 
environment in which inservi<;e is provided, the goals and standards of the institution whose 
teachers are being educated, or the measures by which the inservice program is to be evaluated Of 
course, these global issues have great impact on the training to be delivered. For example, the 
environment may determine tiie resources, timing, extent and depth of the program. The goals and 
standards of the institution (e.g., a school district) should strongly influence (if not actually 
determine) the content of the piogram. The measures of evaluation may direct the attention of the 
trainers to emphasize more closely monitored elements of the program at the expense of other 
elements less emphasized by the evaluation instruments. 

Nevertheless, the actual conduct of an inservice may be separated from these other concerns, 
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and a large body of literature (accompanied by a much smaller body of research) is av ailable for 
inspection. The predominant feature of the literature is that it is generally based upon common 
practice, rather than upon actual research. In lact, the management and evaluation of in^erv ice 
training is more thoroughly researched than the conduct of inservice. 

Gall and Renchler (1985) identified the dimensions of methods of delivering an inserv ice. 

1. Readiness activities. What actions are taken prior * • the conduct of training to raise teacher 
awarene ,s of the importance of the inservice program? How are school leaders prepared 
for tlieir roles in the training? What participant information is gathered before the program 
begins? 

2. Instructional process. WI:at training methods will be used to help teacher's acquire the 
target knowledge and skills? 

3. Maintenance and monitoring. What provisions are made to observe and measure the actual 
level of application of the content of the training to classroom practice? 

4. Training site, h the training best carried om at the school site, or is another location more 
appropriate? 

5. Trainers. What trainer characteristics may impact the effectiveness of the training program? 

6. Scheduling. What duration, spacing, and timing should the training program have? 

Competentiy designed inservice training programs will address each of these dimensions. The 
usual practice of trainers is to give great attention to the instructional process, scheduling and their 
own preparation. 

An additional question to be addressed might consider any p.:actical distinctions th^v exist 
among different types oi leamers. Arc adults in general (and teachers in particular) sufficientiy 
different fiom other leamers that 'jxceptions or reiinem^nts must be made to the well-researched 
principles of learning? (see Gagn6, 1977) Although the most general of these learning principles 
remain intact, researchers such as Knowles (1978) have determined that adult leamers are 
sufficiently different finom children as to merit distinct consideration. Among the important feature^ 
of adult leamers cited in Knowles* work arc that: 

1. Adults leani by doing; they want to be involved. Merc demonstration is usually 
insufficient F^ctice and even coaching arc highly desirable. 

2. Problems and examples must be realistic and relevant to them as adults. 

3. Adults relate their learning very strongly .o what they already know. They tend to have a 
lower to' trance for ambiguity than children, so explicit attachment of new knowledge to 
their ^,xisting base is a paramount necessity. 

4. AdiJts tend to prefer informal learning environments, which are less likely to produce 
tension and anxiety. 

5. Changes in pace and instructional method tend to keep the interest of the adult learner high. 

6. Unless the conditions of training absolutely require it, a grading system should be avoided. 
Checklists jf criteria met in the course of training, for example, are less intimidating than 
the assignment of grades. 
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7. fhe instiactor should frame his or her role as thf^t of a facilitator of learning rather than db a 
font of knowledge or expertise. This guarantees that participants will fmd the trainer 
approachable, an absolute precondition of communication between adult learner ana 
teacher. 

It is obvious that these adult learner characteristics are of great concern to the teaching of adults 
and they should govern several aspects of the preparation, delivery, and follow-up. The impact of 
these elements of training is discussed below in sunimary with lessons learned from other sources. 

In a study of the impact of inservice on basic skills instruction. Gall et al. (1982) identified a 
number of deficiencies in the ordinary conduct of inservice: 

L Programs tended to be focused on the professional goals of individual teachers rather than 
on the improvement of the school instructional program. Teachers* goals and school needs 
are not always in consonance. 

2. One-shot training or short sessions failed to show impact on the school's instructional 
program. 

3. Although the inservice programs were sponsored and financed by districts or schools, the 
general plan and learning activities of the training were based on goals and objectives that 
had littie or no demonstrable connection to those of the school or district 

4. Programs were very rarely assessed on the basis of actual improvement of student 
performance. 

5. Most inservice programs lacked several of the following desirable features: readiness 
activities, a meeting, follow-up activities, and in-classroom observations to identify 
changes in teacher behavior that might be attributed to the inservice training. 

These researchers judged that programs exhibit ^ .uch deficiencies will have littie impact on 
teacher practice or student performance. 

Much of the work of Joyce and Showers (1983) centers on governance issues, but they also 
have critical points to make concerning the conduct of inst^rvicc: 

1. Training may be considered to be composed of levels of involvement: lecture, 
demonstration, practice in the training environment, practice ir ' target enviror.nent, and 
coaching in the target environment 

2. Generally, lecture and demonstration have littie impact in terms of changing teacher 
behavior. 

3. Practice (following lecture and demonstration) contributes gready to change in teacher 
behavior. 

4. Coaching (following lecture, demonstration, and practice) not only contributes further to 
change, but also creates opportunities for dissemination of an innovation or desired practice 
throughout the unit (e.g., department, school, or school district) in which change is 
desired One of the most promising of these opportunities is peer coaching. 

Echoing elements of both Knowles (1978) and Joyce and Showers (1983) are some of the 
findings of the Florida State Department of Education (1974): 

1. Inservice programs that place the teacher in an active role are more likely to accomplish 
their objectives than those which place the .cher in a receptive role. 
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2. Programs that emphasize demonstration, supervised trials and feedback are more 
successful than those that simply present new ideas or materials to teachers without 
opportunities for practice. 

3. ^grams in which teachers share and provide mutual assistance to each another are more 
likely to succeed than those that fail to encourage inreracuon during and after training. 

4. Self-initiated and self-directed training activities (although seldom used in inservice 
education programs) are associated with successful accomplishment of program goals. 

The literature offers many similar indicators of success or effectiveness in inservice con Juct. 

They are briefly summarized as follows: 

1. The content of inservice education programs should be directly and immediately linked to 
the goals of the agency sponsoring the training. 

2. The characteristics of teachers as adult learners should be taken into account when inservice 
education activities aie designed In particular, the activities should be relevarst to them as 
adults, new knowledge should be explicitly connected to previous knowledge, an air of 
informality should predominate, grading systems should be avoided, and the trainer should 
act as a facilitator. 

3. Designs that feature multise^>sion contact and development of ongoing relationship 
between trainer and teacher is preferred over one-shot designs. 

4. If possible, the training should include not only presentation of information and 
demonstration of new methods and skills, but also supervised practice and coaching. 

Organizational Context. When referring to the organizational context in which inservice 
education occurs. Gall and Renchler (1985) echo the "modal systems" of Joyce and Showers 
(1983). While Gall and Renchler recognize the five modes identified by Joyce and his colleagues, 
they prefer to think of these modes as representing different functions of inservice education and go 
on to identify fou ouch purposes: (a) inservice for personal professional development; (b) 
inservice for credentialling; (c) inservice for the purpose of induction into the profession; and (d) 
inservice for school improvement 

"Inservice for school improvement" speaks direcdy to the school as an organization. 
Operationally, one can define the organizational context as those organizational elements of the 
school that directly influence the success of inservice education. But organizational context also 
implies a series of interrelated components that work in relative harmony. To divorce any one 
component from the whole distorts our perception of and reaction to that element Just as our 
perception of oiu- environment is continuous, so the schaol must be viewed holisticaily as a 
continuous, dynamic collection of interlacing and interactive parts. 

A u^ta-anolysis done by Lawrence and Harrison (1980) concludes tliat the most effective 
inservice programs address the school as a unit. Their research supports the contention that 
inservice is most effective when the emphasis is on global goals rather than personal development. 

These fmdings are consistent with the observation of noted anthropologist Edward T. Hall 
(1981) about the essential nature of the context of expression and action. He states that context 
detemunes everything about the namre of the communication and predicates further behavior. A 
focus on school improvement places the "situational dialect" of the teacher professional life of the 
teacher within the larger frame of the school as a complete unit This broad focus of shared goals 
gives a context of discussion m harmony with the larger organizational context. A somewhat 
different but complementary observation is made by Ktken (1972) when she examines the question 
of social membership. She notes that with respect to learned or cultural norms, the wholeness and 
uniformity of our society is determined by the acquisition of like patterns by people exposed to 
them. These views lead again to the conclusion that the more consonant the goaJs are with the 
school, the more consistent will be the patterns of compatibility between the behavior elicited and 
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those expressed by the administration and support staff. In essence, the new behavion> or acti\ met 
must mirror the intentionality of the school as a unit 

If we place the goals of the inservice within the larger framework of the school environment 
and provide a collegia! support structure, chances of institutionalizing any changes are impro\ e J. 
In a fundamental sense, the organizational context provides the ecological gestalt of action aid 
interaction. Compatibility between the objectives of the inservice and those of the school is 
essential if changes are to be made a part of the taken-for-granted background of the teacher, 
administrators, and support staff in their daily activities. 

Holly (cited in Gall & Renchler, 1985) sui v eyed 1 10 teachers and found a general preference 
for activities that allowed them to work with other teachers. Ngaiyaye (cited in Gall & Renchler, 
1985) found that teachers preferred to work with teachers who had similar educational duties. 
Domain-specific knowledge as defined by Doyle (1983) consists of an explicit semantic nei..ork of 
relevant information and identified methods or strategies for applying that information. Although 
Doyle was addressing academic content, it seems clear that the same theme can be applied 
effectively in inservice education. Thus, not only does educational research support the need for 
teachers to work with teachers, but it supports a more specific domain of discourse in which the} 
share their goals and concerns with teachers in their own or similar subject areas. In a colleglal 
environment made up of their peers, teachers can relate common concerns and share methods or 
strategies central to their needs as educators (U.S. Department of Education, 1986). Funhermcre, 
teachers with similar instructional assignments can share materials, tools, and new methods of 
instruction* 

Unfortunately, there appears to be no research examining the relative effectiveness of vanations 
in teacher 'jiservice groupings as defined by Gall and Renchler (1985). Wade (1985), however, 
does indicate in her meta-analysis that participation by both secondary and primary school teachers 
is more effective than either group working alone. 

In ai. organizational context, the school principal as an instructional leader plays a major 
influential role. Research by Louchs and Pratt (cited in Gall & Renchler 1985) indicates that the 
role taken by the principal in the implementation efforts of a program is essential to the success of 
the project Leithwood and Montgomery (cited in Gall & Renchler 1985) have shown that an 
effective principal will participate in at least pan of the inservice workshops attended by the staff. 
Finally, the Rand study (cited in Gall & Renchler 1985) suggests that without the approval of the 
principal, teachers generally will not implement a new curriculum or process. 

As noted above, the school is a dynamic but loosely coupled organization. This loose coupling 
requires a mediating force that lends a coherence to its structure. Thus, the principal seems to act 
as a lens to keep school goals clearly in focus and as a guide to keep teachers on track with district 
objectives (U.S. Department of Education, 1986). 

Governance. The issue of governance frames the larger context of school as a functioning 
unit C)perationally we can define governance as that organizational process of decision making ihat 
determines school policy and directs school resources. The governance of inservice education 
specifically addresses concerns about the way an inservice will be designed and offered to the 
cfistrict staff. The study by Mertens (1982) clearly shows that the view of the teacher as a 
professional must pervade the district; when teachers are viewed as professionals, inserv ice 
projects are more successful than when teachers are viewed merely as functionaries. All projeLti> 
and or policy decisions need to be approached in this light. 

There appears be no research on the most effective infrastructure for carrying out the proce.s5 
of governance at the district level However, there is ample research to indicate that this process 
must take into account teacher concerns and expectations. Many researchers indicate that the teacher 
must be given the opportunity to be part of the planning. If teachers are not consulted, the results 
can be disastrous. Wolcott (1977) documented a carefully planned effort for educational change in 
a school district in Oregon. This mammoth seven year plan involving several hundred thousan ' 
dollars, vast district resources, and uncounted hundreds of hours for both planners and teacher^ 
failed. Its primary failure was that it did not take into account the needs of the educator. It was 
conceived as a "top-down" approach and implemented as such. 

Wolcott reaffimis the importance of teacher participation in the planning process. What is not 
clear is how much control teachers should have over the inservice content. On one side is the work 
of SchuiT (cited in Gall & Renchler, 1985), where it is shown that teachers desire input into the 

Cl3 Notehook • 1.1 Research Li' ;rature • Page5 



planning process; on the other side is the work of Wade (1985) that Indicates inservice sessionb 
were gauged as "less 5uccei>sful" if participants were regarded as tlie major contributors to the 
process. Indeed, her meta-analysis shows that inservice sessions are more effective if the leader 
assumes the role of "giver of information" and teachers as "receivers of information." Clearl> , a 
balance seems necessai7. It is important to ascertain the needs of teachers so that inservice ^.esolunb 
can be directed specifically to their needs. On the other hand, the integrity of the Inservice content 
must be maintained, with policy and planning decisions attempting to strike a i-alance betv^een 
teacher input and district needs. 

Another issue of governance is the recniiunent of parti^'oants. Motivation to attend inb.*' vices 
can be subtly but definitely enhanced if the research oudineu a this sf ction is taken into acct, jnt. A 
feeling of personal connection with the concerns of the inservice is ako important MoorsunJ 
(1988) suggests that ownership in a problem-solving process is criricul. Inservice by definition is a 
form of problem solving. If participants can feel a sense of cv/nei'Ship oi the content of the 
inservice, they will wajit to attend and take seriously the pi: poses of the project. 

Wade (1985) confirms the need to have a sense of ownership, pointing out that inservice is 
more successful when the teachers are given special recognition for their involvement. Eut bhe 
farther reports that projects are more successful if teachers are either designated to attend or seltLted 
on a competitive basis. Qearly, the research coniirms tha need of teachers to be a willing part of 
the process, but it also indicates that directmg teachers to attend is no. predictive of failure. 
Obviously, this is a complex issue: How teachers arc directed to attend is important, the content and 
relevance of the inservice is important; the organizational context is important; and the way the issue 
of governance has been handled in the schooi is historically important. 

Other incentives for attending ine^rvioss described by Betz (cited in Gall & Renchler, 1985) are 
release time, expenses, and college credit. Administrators, however, can take heart in Wade's 
(1985) finding that almost any inservice can make a difference. She reports that inservice of any 
kind, on the average, resulted in half a standard deviation greater positive change than control 
groups. This is a clear indication that inservice education can influence the quality of the education. 

In summary, effective inservice must take into account the school organizational context and its 
governance policies. It appears that the more the inservice speaks to the unifying goals of the 
school, the more effective will be the results. 

Evaluation. As stated in Gall and Renchler (1985): "The evaluation of inservice programs 
is not a well-developed field," and "... systematic evaluation of inservice programs is the excepLon 
rather than the rule" (p. 30). In an effort to bring some order to the field. Gall and his colleagues 
(1976) attempted to define the differeni levels at which inservice training might have effects. They 
defined four levels: 
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Level I. Implementation of the inservice program, (Measures of the quality of the training 
itself.) 

Level H: Teacher improvemer,L (Measures of actual change in teacher behavior in the 
classroom.) 

Level ni: Change in sttident performance. (Measures of the degree to which improvements 
in teacher performance lead to improvements in student achievement.) 

'Level rV: Changes in the environment (Measures of changes in the school that may be 
indirect [or even unintended] results of the inservice program.) 

The further away we get fit)m measuring the direct delivery of training, the less certain we can 
be that changes in Levels E, EH, and IV are actually attributable to the training program. Other 
factors, unpredicted and unmeasured, may have greater impact than training. 

At Level /, the elements mentioned previously in the Q>ntent and Delivery System section 
(readiness activities, instructional process, maintenance and monitoring, training site, trainers, and 
scheduling) should be measured direcdy. In addition, some quantification of the degree of 
relevance of the program to teachers* perceived and actual needs should be attempted. 

At Level II, the best measures are those of increased teacher competence. If the program is ot 

Cl3 Notebook • 1.1 Research Literature • Page 6 

1 0 



novel content (as a computer inservice misht well be), conventional measurements might ha\e to be 
supplemented with new ones that reflect the content of the training. Observational measures of 
actual classroom practice are the preferred instruments. 

At Level III, measures of studeiit achievement are appropriate. Because this level is rather far 
removed from the training, it may be difficult to attribute changes in student beha ior directly to 
actual inservice practices. 

AtLe\'el IV, we hesitate to suggest methods of measurement. Although instruments can be 
created to measure school climate and levels of intercommunication among the staff (Joyce, Hers^h, 
& McKibbin, 1983), it is perilous to presume explicit connecdons between an inservice program 
and a change in the school environment 

Conclusion 

To narrow the scope of the literature on effective insenice, tliis review concentrates on literature 
dealing with the actual conduct of inservice. 

The-five dimensions of iiiservice (i.e., coiitei,t, delivery j^vstem, organizational content, 
governance, and evaluation [Gall & Renchler, 1985]) w^'^ cd to examine the literature. The 
predominant feature of the literature is its bases in commcn pr^tctice, rather than on actual research. 
Literature specifically related to implementing changes In educational computing is extremely 
limited. Tiie literature that exists concentrates on the delivery system inspect of Gall's classification. 

Cuirently, staff development is the major tool for iirpleruenring educational change. Reviewing 
the litei-ature confirmed our intuitive belief that effective inscivice is difficult to attain for tlie 
following reasons: 

1. Change is multidimensional. (We are dealiiig with change a school system, and a school 
system is a very complex entitj'.) 

2. Change is a slow process. (It is the nature of a stable and functioning system to resist 
change. School systems seem to bt; exceptionally resistant to change, and change only 
slowly.) 

3. Effective inservice is resource intensive. (In many sridngs the resources available for 
inservice education may not be adequate to produce a significant change.) 

4. Learning styles of adults are complex. (A typical inservice will involve adults w ith widely 
varying interests, characteristics, and backgrounds.) 

5. Global characteristics of school systems, many of which are outside the influence of the 
inservice provider, influence change. 

6. Participation of teachers in the process of setting goals for inservice may enhance the 
learning of the participants, but it is difficult to pioperly achieve this participation in goal 
setting. 

7. Mechanisms for ev iluation of inservice programs are ill-defined and infrequently 
attempted. 
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1.2 

THE CI^ MODEL FOR EFFECTIVE INSERVICE 



(Note: This is a slightly modified version of a paper written by Seymour Hanfling, JuJi 
Mathis, and Jim McCaideyfor presentvUion at the University of Oregon "Extensions of the Human 
Mind" confet'ence in August 1986. These three authors were all members of the NSF CP project 
stcffwhen the paper was written.) 

The Computer-Integrated Ihstruction Inservice (CP) project directed by Dr. David Moursund 
began in September 1985. The purposes of the three-year project: were (a) to develop an inservice 
model for educating teachers in methods of integrating general computer software tools such as 
databases, spreadsheets, graphics programs, science tool kits, into their curriculum; and (b) to 
develop a method for training inservice trainers in the use of that CP model. 

During the first year the project team concentrated on developing the inservice model and 
materials in two areas: elementary schools and secondary school mathematics. The second year of 
the project continued ihis teacher inservice development and extended it to include secondary 
school science. It also developed an inservice to train trainers in the use of the CP moc^el. The 
third year will refined the materials from the second year, created materials for secondary school 
social studies, and began dissemination of the results of the project 

The ultimate goal of the CP project is to bring about improvement in the classroom; this is a 
formidable task The process of bringing about improvement through innovation in the classroom 
by staff development has been studied extensively ( Berman & McLaughlin, 1978; Dillon -Ptterson, 
1981; FuUan, 1982). Even though there is no agreement on the "one" best way to do staff 
development, there is agreement on the need for the support and involvement of the major 
components of an educational system: the teachers in a school or department, the building 
administration, the central adncdnistration, the school board, and the students* parents. The CP 
project used this knowledge in formulating an inservice program. 

First, we received the support of the central administration of the district within which the 
workshops took place. Second, we viewed the school (or department in the case of a high j^.hoolj 
as the unit of change, not the entire district We worked with gioups of teachers from a building i^or 
department). Filially, an administrator from each building was required to participate along ^ith the 
teachers. As Wood, Thompson, and Russell (1981) point out: 

For staff development to have a lasting effect, the principal must be committed 
to the implementation of the inservice goals, participate in the inservice 
planning and activities, encourage other staff members to participate in training 
programs, and support and reinforce the implementation of new knowledge, 
skills, and strategies, (p. 63) 

During the first year of the project we were quite successful in getting school administrator 
participation in the project During the second and third years we were less successful. There 15 a 
substantial body of theory on how to organize and conduct an inservice to be as effective as 
possible. It usually turns out that there is a substantial diflference between the theory and what une 
is actually able to accomplish. In this case, we were not able to secure .chool administrative 
participation at the level we would have liked during the secoiid and third year. 
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During the first year, the CP project worked with two groups of educators. One consisted of 
the principals and a number of elementary school teachers ftom three schools. The second 
consisted of mathematics teachers from a nruddle school and a high school and an administrator 
from each building. There were approximately 17 participants (all volunteers) per group. 

Prior to the training, a neuis assessment was conducted by interviewing all the participants. 
We acQuired knowledge on a variety of topics, including the participants* current educational and 
personal computer usage; their access to computers, computer lab(s), and software, their \iews on 
educational uses of computei"s; and the areas in which they desired training. 

Originally seven inservice sessions were scheduled The sessions were conducted after school 
and usually at the computer lab sites of the participating schools. (Two sessions ^ere conducted on 
the University of Oregon campus.) The introductory and cL.lng sessions were originally 
scheduled to be five hours long (with dinner provided), and the five other sessions were to be two 
hours in length, held every other weeL The teachers found the first five-hour session to be too 
long after teaching all day. We adjusted our schedule and shortened the last session to two and a 
half hours. As a result of this experience, we redesigned the second and third year inservices to 
consist of 16 hours of workshops in eight two-hour sessions. 



The Inservice Model 



The wise leader knows that the true nature of events 
cannot be captured in words. So why pretend? 
Confusing jargon is one sure sign of a leader who does 
not know how things happen. 

Tfie Too of Leadership by John Heider 



Inservice Design Principles 

The participants in our inservices reflected a wide range of backgrounds and teaching 
environments. Although ihij; lack of homogeneity is a common difficulty in computer-related 
inservice education, it led to the development of a significant premise of these workshops. 

Clearly, these workshops are notvastvnct trainings in the sense of teaching a specific teaching 
technique, computer management skill or even competence with a specific piece of software, but 
instead are educational workshops. They are meant to expand teache. I^owledge and capabilities in 
the classroom, and they provide an environment for exploring and learning about the applications 
of computers and software tools in the curriculum. 

The issue of training versus education is critical. Computers will be pan of education from 
now on. AH teachers will eventually need to deal with computers in schools. Computer inservice 
for teachers needy to be an appropriate blend preparing them to make some immediate use of 
computers, but also laying a firm foundation for continued growth and learning in this field. It was 
our observation that many inservices on computers place too much emphasis on what keys to press 
and the specific details of particular pieces of software. Many inservices of this sort do not do a 
good job of developing computer-related foundational knowledge such as genenil roles of 
computers in problem solving, changes in education needed to prepare students ibr life in an 
Information Age society, etc. 
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The following design principles were used to create the balanced environment we deemeil to be 
appropriate: 

1 Each session should offer participants at least one idea that can be used immediately or in 
the short term future in their classrooms. This idea might be an activity, a piece of 
software, a teaching style, or a management aid. The sessions are rich learning 
environments in which participants discover and experience many ideas and applications of 
computer-related activities and softwaic tools. These environments provide many 
opportunities for participants to find ideas that are appropriate and relevant to their 
instructional situations. The process of discovery also helps build ownership and increases 
the likelihood of classroom implementation. 

2. Software should always be mtroduced in an instructional context. Ra±ev than training 
participants in the details of a piece of software, the tool is introduced with classroom 
examples. Activities are designed so the participants can be successful even if they have 
only partial knowledge of the software. This allows teachers to see that they need not 
understand all of the nuances of a program before they use it in the classroom. There are 
two reasons for tiiis approach: First, it helps teachers explore and gain an understanding 
of the instructional uses of a specific software tool. Second, it provides a model for 
teachers to experience an activity and begin to adapt the activity to their own classrooms. 

3. Participants should experience activities on two levels. First, as "studentsi" in an inservice, 
are the activities meeting the objectives? What is being learned? What is being 
experienced? Is it enjoyable? Second, they are asked to analyze the activities and the 
inservice itself: What activities have been chosen? Why have those activities been selected 
and not others? How can those activities b<* adapted to their classroom? 

Reflection and discussion of these questions occurs at different times. The participants are 
briefly rcniinded to note and reflect on the first questions while they are doing an activity. 
These questions are then repeated during the closure discussion for an activity. The second 
set of questions is also di.scussed during closure for an activity and at the closure for the 
entire session. 

4. The participants should work in groups. There are four reasons for this. First, Cox and 
Berger (1985) have shown that working in groups on the computer is more effective in 
solving problems than working individually. Second, the participants become accustomed 
to discussing computer-related curriculum matters with each another. This helps build a 
school level and cfistrict-wide resource base, and it builds a spirit of mutual support among 
the inservice participants. Third, it allows the trainers to work with more of the 
participants. Finally, it allows the trainers to eavesdrop on participants* conversations and 
gain relevant information for conducting discussions and directing the remainder of the 
session. 

In recent years the effectiveness of cooperative learning has become clear. Many people 
fear that computers will be used to isolate students and v-ork against against the cooperati\e 
learning environment. But this need not be ♦he case. Many computer activities can be done 
in a cooperative learning environment, and research supports this approach as being good. 

5. Each sejsion should be structured to allow participants to discover methods and models of 
instruction. The participants demonstrate or gain an understanding of these methods during 
the defcdefing of each activity or at the session closure. This approach differs from many 
prevailing iiiservice formats by avoiding an explicit statement of inservice objectives at the 
oatset of each session. Our goal is to avoid creating a specific mind-set in participants that 
may deter them from making their own original observations or restrict them from making 
additional observations. It also allows them to experience the activities as their students 
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might, thus providing valuable insights that can be gained in no other way. 

Imagine, for a moment, a scale which is labeled "Pure Discovery " on one and "Pure 
Directed Instruction" on the other end. Most of the instruction in our schools is conducted 
using a style that is much closer to the Pure Directed Instruction end than to the pure 
Discovery end. But it is essential that both teachers and students leam to use computers in 
a discovery-based mode, so that they feel comfortable in working with new software 
applications and learning on their own. Thus, in designing the inservices, we made a 
decision to place major emphasis on discovery-based learning about computers. We 
reasoned that if teachers learned about computers in this type cf mode, they would tiien use 
it with ihv: students as they introduce computers into their classrooms. 

This method requires the development of mutual trust. Through the activities the 
participants discover, leam and gain insights across many pedagogical domains. During 
the debriefings the trainers can aid the participants in understanding and adapting their 
insights. This discovery and d^briefing-oriented model is stimulating, interesting, and 
successful. 

A key aspect of discovery-based learning is the debriefing periods at the end of discovery 
sessions. The course instructor (the facilitator) must have a clear picture of the key 
elements that are to be discovered (Of course, it usually happens that many additional 
important elements are discovered.) The debriefing sessions allow participants to bring up 
and discuss the ideas that they have been ^^orking on and discovering. The facilitator must 
ensure that all key elements are brought up and that they receive appropriate emphasis. 

6. The sessions should be enjoyable!!! There has been substantial research on the relationship 
between attitude and learning. We kno\^ hat if participants are enjoying the learning 
experience, they will leam more and better. 



Material Selection and Development of Activities 

The main reasons that computers arc so hea^/ily used in business, government, and industr> is 
that they are a powerful aid to problem solving and productivity. Computers can solve or help to 
solve a wide range of problems. The focus of this CP project is to improve student problem 
solving by integrating of software tools (e.g.,graphics, databases, spreadsheets, science kits, etc.) 
into the ouriculum. Thus, the theme of problem, solvmg is interwoven throughout the design of the 
inservices. Inservice participants can explore and experience the use of these tools by solving 
p'^yolems presented in the inservices. These experiences also encourage participants to discover 
new ways to pose problems and even new types of problems to be solved. 

Problem posing "nd problem solving are higher-order skills, essentially corresponding to the 
Analysis, Systhesis, Evaluation end of Bloom's taxonomy of cognitive skiUi). There is a strong 
and growing movement in our school system to place increased emphasis on such higher-order 
skills. Computers are a vehicle that can help in this endeavor. 

Problem posing and problem solving are interdisciplinary skills. They are not, as many 
teachers think, just mathematics. All teachers should have their students pose and solve problems. 
All teachers should teach problem posing and problem solving as part of their overall curriculum 

Due to the wide range of backgrounds and experiences of the participants, as well as gender 
differences, carefiil selection of materials and activities is important However, selection of 
software is also limited by practical constraints. Our selections arc based upon availability, qualit> , 
utility in the particular inservice situation, appropriateness to the grade and concept level, and 
effective cost The last item rcfei^s to software that is under district license, in the public domain or 
allows multiple loading. (Some software companies give special permission for multiple loading to 
educators conducting teacher training.) 

After the design of activities and selection of software, performance aids and learning aidii 
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^ (worksheets) arc developed Performance aids contain the basic iniv...nation necessary to use a 
' piece of software; keystroke conimands, data retrieval and printer commands, for example. Many 
participants find that diey can use unfaniiiiar software with a minimum of mstruction if supplied 
with an appropriate performance aid. Participants can also learn to use some software through 
on-line tutorials. Learning aids contain problems that increase in complexity and software 
knowledge; therefore, they may contain software comments where appropriate (e.g., how lo print a 
graph). These worksheets range from very specific instructional sequences to open-ended 
explorations. 

Along with performance and learning aids, sample lesson plans are provided, which cai be 
adapted, extendai, and used as models. Tney are important in assisting participants to transfer 
inservice concepts to their classroonis, and reduce the amount of effort required to develop and 
transf-^r new activities to the classroom. 



Organization and Development of an Inservice Script 

In organizing the sessions we tried various inservice methods and activity sequences. The 
ones we found successful were those that embodied our assumption :hat instruction is a dynamic 
process by nature. Decisions are made continually through the interactions of the trainers, the 
participants, and the content being presented Thus, the firework of these sessions must be 
flexible. The same session presented with different groups of participants might begin in the same 
way, but then, based upon their responses and needs, proceed along different paths. Many times 
the participants are offered a choice of options or they are allowed to offer their own suggestions on 
the next step in the inservice. This dynamic process is difficult to capture in words. In the 
following discussion it is important for the reader to keep in mind that these inservices embody a 
process that is designed to be flexible. 

Sequencing of Activities. The sequencing of all activities enhances concept attainment 
and assists in the transfer of these concepts to the classroom. The sequenci:.g of activities begins 
with the most concrete activities ?jid progresses to the more abstract 

The typical sequence for an activity is: 

1. Explore. Allow participants time to "play," so that they may develop an intuitive 
understanding of the software or activity. Participants make use of a Performance Aid. 

2. Experience. Work on the software or activities in an instructional format that modv o 
classroom presentations. Participants make use of a Learning Aid 

3. Discuss. Debrief the activity, paying particular atteri^on to participants' Jw^lings, 
experiences, attitudes, and ideas for instructional applications. The facilitator makes sure 
that key ideas that the lesson was designed to cover were indeed covered and get discubbed 
during the debriefing. But keep in mind that the debriefing is to be conducted in a 
discovery based mode. The facilitator should avoid, as much as possible, switching into a 
directed instruction mode during the debriefing. 

4. Closure. The facilitator gives a brief summary statement Relate this activity to the 
objectives of the session or previous sessions. Integrate previous participant commenti) as 
freiquentiy as possible during closure. 

Sequencing vntbin a session. We begin each session with a hands-on activity or an 
off-machine problem solving activity that is approximately 5-15 minutes long. (We strongly 
encouraged participants to work in pairs on the computers. Sometimes a person would decide to 
work alone, and sometimes three people would work together.) This instant inv olvement is verv 
useful in setting the tone for the day's session. It allows participants to begin participating as soon 



Cl3 Notebook • 1.2 The CIII '^^odel • Page5 



a:) they arrive, and it handles thf. situation of some participar ts showing up a little late. The 
debriefing of this opening activity provides an opportunity to discuss tfie focus ind general goah of 
the session. (A general goal might be to explore uses of .omputen> :o store and retrieve information 
as an aid to soKdng problem.) 

The next 30-40 minutes is spent exploring activities on the computer with participants workmg 
in groups, generally in pairs. This exploratory period might be directed by the trainer or through 
performance and learning aids, with a focus on the specific objectives of the activity. Parricipanis 
may become involved in trying to "solve the puzzle" or "beat the computer," and it is sometimes 
necessary for the trainers to draw the participants' attention to the instructional aspects of the 
activities. The participants may finish an activity at a later time and at their own pace. 

The debriefing of all activities is extremely important As described above, explanation and 
debriefing of all activities follows rather than precedes the activities. This allows participants to 
experience an activity in a situation without a trainer-induced mindset" and places them in a similar 
position to that of their students. Encouraging participants to generate ideas contributes to the 
transfer of ideas from the inservice to their teaching situations. It is more likely that teachers will tr> 
new classroom practices if they have experienced these new practices in the workshops and then 
analyzed and reflected upon theoL 

The remainder of the session is spent intermixing off-computer and computer-based activities. 
The participants enjoy the integration of off-computer activities into the sessions. The concrete 
nature of these activities provides a bridge to the abstract nature of the computer. 

Final closure for an entire session provides a transition fi-om the inservice setting to the 
classroom. Oiu: experience inoicates that the integration of software tool activities into classes 
seems to take place if die integration (a) allows students to learn better, faster or in more excitin^ 
ways; (b) allows students to work with more important concepts than they are now learning, and 
is not appnjciably more difficuh for the teacher than present instructional practice. Discussions* 
during final closure arc useful in generating ideas that illustrate these points. 

Once the above ideas have been used in planning a session or series of sessions, it is important 
to review the entire set of activities. Are the transitions smooth? Are the activities building upon 
each other? Are the original objectives stili being met? (The last question can sometimes be 
overlooked as "exciting" activities and software hide or even change the original objectives.) 
Finally, is this still a inservice that is interesting and enjoyable to ^ and experience? 

Inservice techniques. Like any teachers, we use a variety of techniques during the 
sessions. The following are these we find useful and consider the most important: 

1. Model classroom activities and appropriate teacher behaviors. We generally teach the way 
we have been taught The importance of modeling appropriate teacher behaviors cannot be 
overstated in helping participants to integrate new ideas into their classes. Merely 
"discussing" how pctivities can be done in the classroom is insufficient; they mw^ be 
experienced in order to be understood (Note that there is some research that suggests that 
elementary school teachers like to be in inservices that model appropriate behavior, and thai 
secondary school teachers cjc less supportive of such an approach to inservice education.) 

2. Identify and utilize participants witii knowledge cf the inservice contents. (No matter how 
carefully one states the prerequisites and '^escribes the mtent of an inservice, the 
participants will have widely varying backgrounds. Frequentiy thei * will be one or more 
participants who are quite qualified to be facilitating the mservice.) Forming groupi> where 
at least one of the participants has experience with a piece of software can help maJce 
workshops go more smoothly. Establish peer support by publicly validating panicipants' 
knowledge and encouraging peers to consult each other for answers. Remind participants 
that they are experienced educators who bring a multitude of skills to the inservices. (An 
analogous situation for teachers is using students in their class who are experienced with 
software to act as helpers or teachers to other students.) 

3. In the debriefings and discussions, encourage participants to analyze die activities from 
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two perspectives: that of a student (their experiences while using the software) and that of 
a teacher, 

4. Obtain feedback from the participants at each step of the inservlcC. Be responsive to their 
needs and, when appropriate, modify the inservice plan. When necessary, help the 
participants reevaluate their expectations in order to gain thw .nost from the inservice. For 
example, because a wide range of teacher backgrounds is present at a insen ice, a specific 
piece of software may not fit everyone's teaching assignment. Shift the focus of those 
teachers towaxd examining the software for its strengths and weaknesses; L it easy to use? 
Is the feedback appropriate? Does it allow for exploration? 

5. Do not be disturbed if the time schedule that you have set occasionally requires you to 
interrupt participants in the middle of an activity. Research suggests that this can actually 
contribute significantly to learning. The interruption provides a time for participants to 
reflect upon their experiences during an activity. 

6. Use ^ en-ended questions that encourage teachers to reflect on the session's activities. 
Convergent questions can cover the content and analysis, as well as pacing and 
sequencing. Divergent discussions can cover transfer of the activities to the classroom and 
possible impact on the curriculum and individual classes. These types of questions are 
important and cannot be hurried A time for reflection and analysis helps participants gain 
the ownership necessary to integrate new ideas into their own educational setting. 

7. V/hen the trainer does not have an answer to a question, the best response is "I don't 
knew, let's see what all of together know about this question." Theie may be participants 
that can provide information, just as the teachers may have students in their class who can 
help them with a piece of software or activity. 



Reference Materials, Handouts, an(^. Log Sheets 

Each participant receives a set of materials, at the first session including relevant journal 
articles, software reference lists, classroom ideas and public domain software. Refer participani^ 
to elements of this collection whenever related activities or discussions take place. 

The participants a.-c asked to keep a log of their computer-related activities, including, 
classroom lessons, work witii individual students, personal use, readings and discussions with 
colleagues. This log forai also can be used to ask trainers for information or help. The trainers 
respond to questions, suggest software the participants might wish to preview, and return the logb. 
These forms are an important feedba x mechanism. It is an efficient way for participants to 
communicate witii the trainers to have a record of their computer-related acri\dties. 



School Visits 

Based on the experience from this project, classroom visits should be included as port of ilic 
inservice program. This caii be done in a variety of ways: A trainer may model a lesson in a 
participants classroom; both the participani and trainer may teach a class together, or the trainer 
may observe the participant teaching a lesson. Many teachers feci that this type of interaction is 
helpfiiL 
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Closing Comments 



We have spent many hundreds of hours working on the CP project. It has been difficult to 
summarize what we have le'mcd, prim'irily because, as stated earlier, educatica is a dynamic 
process. The only way to leani a proce^;. is to do it. Wliat we have presented here is a framework 
that has been effective. However, this u not the end of the development of an effective inscrvice 
model. Both fomaative and summative evaluations have taken place or arc in progress, some of the 
results arc given ir^ Part 5 of this Notebook, As you pracf*"^ using the inservice materials in this 
Notebook, and as you continue to practice and study tht tield of inservice education, you ^ ill get lo 
je a better facilitator of inservices. One of the joys and frustrations of education is that it is 
constantly evolving and that educators need to be lifelong learners. 
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2.1 

OVERVIEW OF COMpilTERS IN EDUCATION 



Computers are iEqportant and widely used in our society because they are cost effective aids to 
problem solving in business, government, industry, education, and other areas. The primary focus 
of this Notebook is on the use of computers as an aid to problem solving. 

This cliapter of the Notebook provides an overview of computers in education, with primary 
emphasis on Computer-Integrated Instruction (CII)- The underlying assumption is that we want to 
increase students* ability to make use of the computer as a tool in problem solving throughout the 
curriculum. This chapter might be given to inservice participants as general background reading. 



Computers in Education 

The diagram below presents a structure of the overall field of computers in education. As 
indicated in the diagram, the field of can be divided into three main parts. Although each part w ill 
be discussed briefly, die main focus is on instructional uses of computers. As the diagram 
illustrates, instructional uses of computers also may be divided into tl.ree parts. After briefly 
discussing each part, we will focus on learning & teacfung integrating computers. We call this part 
Computer-Integrated Instruction (CII). 
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Administrative Uses 



Many aspects of running a school system are similar to running a busuiess. A school 5> 5tem 
has income and expenses. It has facilities and inventories. It has employees who must be paid and 
employee records that must be maintained And, of course, a school system has students who musi 
be taught. Detailed records must be kept on student performance, progress, and attendance. 

Computers can be cost effective aids to accomplishing all of tiie administrative -oriented tasks 
listed above. Thus, it is not surprising that computers are extensively used for administrative 
purposes in most school districts in this country. In some school districts this use goes back ,:*ore 
than 25 years. Overall, the administrative use of computers in schools is growing steadily. 

At the current rime there arc two major approaches to administrative use o^ .omputers in 
schools. One approach is based on centralization. A large, centrally located couiputer system is 
used to serve a number of schools, as well as central school district office needs. There riay be 
terminals to individual schools. Thus, son^ input and output operations may occur at the school 
. sites. Other operations especially those involving large amounts of input and output, occur at the 
central facility. 

An alternate approach that has gained considerable support in recent years is to place 
administratively oriented microcomputer systems into individual schools. Initially these were 
self-contained microcomputers, but there is a growing tendency to network them. It has become 
clear that microcomputers can make a substantial contribution to the functioning of a school office. 

It seems evident that there will be a continuing need for a central, powerful computer :,ysten: in 
most school districts. Also, it seems evident that on-site microcomputers will become increasingly 
popular. What is not so clear is how and to what extent the central facility and the on-site 
microcomputers should be networked together, nor is it always evident which computer 
applications are best accomplished at the school site and which are best accomplished at die central 
facility. 

TTie design and implementation of a sc? j1 district administratis . omputer system is a task for 
computer professionals. It ^es years of computer education and experience to become well 
qualified at dealing with this type of task. It is important to realize the level of training and 
experience needed, since few computer-using teachers have this type of training and experience. In 
most school districts the instructional computing coordinator does not attempt to also be the 
administrative computing coordinator, since these positions require such different typ *s of training 
and experience. 



Research Uses 

Educational research has benefited immensely fiiom computers. Many educational research 
projects involve collecting large amounts of data and subjecting that data to careful statistical 
aiialysis. If a research project has a control group and a treatment group, students in the two groups 
may be tested extensively during various phases of the experiment, resulting in a substantial 
coUecrlon of data. Large libraries of statistical programs have been available for more than 25 
years. Now such program libraries are even available on microcomputers. Thus, it is relativel> 
easy for a researcher who is knowledgeable in the use of statistical packages to carry out a number 
of statistical analyses on the data collected. 

Com.puters are making it easier to conduct longitudinal studies. Detailed records can be kept 
over a period of years. These records can then be analyzed, looking for patterns or trends that 
might not be evident under casual scrutiny. This type of research is common in medicine, and some 
of it has been done in education. 

Computer-Assisted Lear-Jjig (which will be discussed later in this chapter) provides an exciting 
vehicle for research. As sti^dents interact with computers while studying a particular subject, ihe 
computers can collect and maintain detailed records. These records can be analyzed to help 
determine which aspects of the instructional program seem to be most effective, and which need 
modification. Such formative evaluation can provide the foundation to improve instructional 
materials. 
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If a school district is large enough to have an evaluator on its staff, the evaluator is apt to be 
quite knowledgeable in research uses of computers. It is important to understand that 
administrative, research, and instructional uses of computers are relatively distinct fields of studv. 
A person may be an expert in administrative uses of computers, yet have littie knowledge of the 
statistical packages and statistical techniques of a researcher. Similarly, a person may be an expert 
in instructional uses of computers but have littie knowledge of tlie hardware and software needed in 
an administratively oriented computer system 



Instructional Uses 

Our diagram of computers in education divides instructional uses into three categories. The 
categories overlap to a certain extent, but it is helpful to look at each individually. The first one we 
will examine is Learn & Teach About Computers. Leam & Teach Abe it Computers focuses 
on the discipline of computer science. (A very broad de' nition of computer science Is used, which 
includes information science, data processing, computer engineering, etc..) This is a well 
established discipline; many colleges and universities have had bachelor's degrees and/or graduate 
degrees in these areas for more than 20 years. There are hundreds of journals and magazines that 
publish the rapidly growing body of computer-related research. 

A few high schools began to experiment with teaching computer programming in the late 
1950s. This early use of compult.'s in schools provided solid evidence that high school students 
could leam to program in assembly language or Fortran. However, computers were quite 
expensive. and not particularly accessible for use in high schools. 

The development of timeshared computer systems and the language BASIC in the early 1960s 
opened up the possibility of large number of students learning to write computer programs. As 
timeshared computers decreased in price, more and more schools began to offer a course in BASIC 
programming. 

By the early 1970s it was becoming clear that computers were beginning to transform our 
society. The Industrial Age had ended, and the Information Age had begun. Many educators 
argued that all students should become "computer literate," and that this could be best accomplished 
tiirough specific computer-oriented courseworL Often the cc. :ses were in introductory BASIC 
programming. The trend toward students taking computer prograrnming-oriented courses increased 
rapidly as microcomputers became available to schools beginning in the late 1970s. 

Now a counter trend has emerged as people realize that it is not necessary to leam to write 
computer programs in order to make effective use of a computer. Many introductory courses ha\e 
reduced their emphasis on computer programming and increased their emphasis on using 
applications software that use the computer as a tool. Computer literacy courses have been 
developed that contain litde or no computer programming. Secondary school enrollments in 
computer programming and computer science courses have dropped markedly. 

The rapid growth of applications-oriented computer literacy courses have caused a number of 
educational ^ waders to ask why such instruction must be limited to a specific course. Would it be 
better for students if computer applications were taught throughout the curriculum? The idea is that 
students should make use of the computer as a tool in all course^ where appropriate. That is exactl> 
whai Computer-Integrated Instruction is about, and it is the main focus of this Notebook. CII will 
be discussed further later in this chapter. 

The teaching of computer programming and computer science c ourses at the precoUege level 
slowly beginning to mature. A Pascal-based Advanced Placement course has been developed and 
now widely tau^t This has tended to lend structure to t'le high school computer science 
curriculum. However, it is evident that this type of course appeals to only a small percentage of 
high school students. Enrollment in introductory programming courses that use BASIC, Logo, or 
other non-Pascal-Jjke languages remains high. On a nationwide basis, however, such enrollment 
^.eaked several years ago and has declined substantially since then. 
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Logo has developed a wide foUov/ing, especially at the ele lentary school level. Some teachers 
view the learning of Logo as an end in itself. However, most Logo-oriented teachers recognize the 
potentials of Logo as a vehicle for illustrating and teaching various problem solving strategies. The 
turtle geometry part of Logo also can be used effectively to help students learn a number of 
important geon:.etric ideas. The Logo Exchange, a nine times per year periodical published by the 
International Council for Computers in Education, is specifically designed for educators interested 
in using Logo in schools. 

Learn & Teach Using Computers. A computer may be used as an instructional delivery 
device. This type of computer use is often called computer-assisted instruction, computer ba^ed 
instruction, or computer-assisted learning. In this notebook it is referred to as Computer- Assisted 
Learning (CAL). 

CAL is sometimes divided into categories such as dill and practice, tutorials, and simulations 
or microworlds. Most CAL systems include a recordkeeping system, and some include an 
extensive diagnostic testing and management system. Thus, computer managed instruction is 
sometimes considered to be a part of CAL. 

Initially, most CAL material was designed to supplement conventional classroom instruction. 
For example, elementary school students might use drill and practice mathematics materials for 10 
minutes a day. But as computer hardware costs have declined and more CAL materials have been 
developed, there is some trend toward implementing substantial units of study and/or entire 
courses. Declining hardware costs niake such CAL use econoniically feasible. For example, 
suppose that a small high school has only a half dozen students per year that want to take particular 
courses such as physics, chenndstry, or advanced mathematics. It may be much more cost effective 
to make such courses available through CAL than through a conventional, teacher taught, mode. 

CAL has been heavily researched over the past 30 years. The evidence strongly supports the 
educational value of using CAL in a wide variety of settings. The success of CAL may be 
explained by three factors. First, students using CAL on the average spend mort time on task. 
Because learning correlates well with time on task, students on the average learn faster using CAL. 
Second, CAL materials allow students to work at their own levels and at their own rates. This 
individualization is a considerable aid to some students. Third, CAL materials can incorporate good 
practices of instructional and learning theory. Formative evaluation can provide a basis foi 
improving CAL materials under development Through this approach, the quality of commerciallv 
available CAL materials is gradually being improved 

Learn & Teach Integrating Computers. The third category of instructional use of 
computers is Computer-Integrated Instrucaon (CII). CII focuses on the computer as a productivity 
tool, an aid to problem solving. One orientation focuses on general purpose or generic application 
packages such as database, graphics, spreadsheet, word processor, and telecommunications. Each 
of these application packages is widely used in business, industry, and government. In education, 
each can be used at a variety of grade levels and in a variety of courses. 

A second orientation focuses on the development of applications software for a specific 
discipline. For example, there is now a substantial amount of software that con help a person 
compose music. Such software makes possible the teaching of musical composition to elemenur^ 
school students. There is a substantial amount of Computer- Assisted Design (CAD) and other 
graphics artists software. Such software tools are often now centrally used in high school courses 
that used to focus on drafting or engineering drawing. 

It has long been recognized that precoUege students could learn to use computers as an aid to 
problem solving. The initial approach, now dating back more than 25 years, was to have students 
learn to write computer programs to solve specific categories of problems. For example, it was 
suggested that if a math student could write a computer program to solve quadratic equations, this 
indicated real understanding of that mathematical topic. Over the years there have been a number uf 
research studies on whether this is indeed correct. While the results have been mixed, it seems 
clear that having students write computer programs to solve math problems is not a magical solution 
to die problems of mathematics education that our schools face. 



Cl3 Notebook • 2.1 Overview of CIE • Page 4 



Initially, such an approach to Cn made littie progress because both the programming languages 
and the computer hardware were not suited to the needs of mobt precollege students. But the ad\eni 
of timeshared computing and BASIC have helped to change that. And then, beginning in the late 
1970s, microcomputers, with built-in BASIC, made it feasible for millions of students to learn to 
write simple programs to solve specific categories of problems. 

It takes considerable time, as well as a specific type of talent, however, to become a competent 
computer programmer. It was soon recognized that the time was being taken away frcm the siud> 
of conventional subject matter. The movement toward integrating computer programming into 
various high schoc' courses has long since peaked and has been replaced by a trend tO'A/ard using 
applications packages. This new trend has accelerated as better applications packages have become 
available for microcomputers used in schools. An increasing percentage of this software is 
specifically designed for use in education. 

Word processing can be used to illustrate both the general idea of Cn and some inherent 
associated difficulties. Word processing is a generic computer application tool in the sense that it 
applicable across the entire curriculum at all grade levels. Clearly, a word processor is a cost 
effective productivity tool for secretaries and for many people who do a lot of writing. Moreover, 
word processors make it easier to do process writing (prewrite, compose, conference, revise, and 
publish). For these reasons, many schools have decided to have all their students learn to do 
process writing in a word processing environment 

But it takes quite a bit of instruction to learn to make effecti> ise of a word processor. To 
learn proper keyboarding techniques and to keyboard faster than one caii handwrite takes a t>'pical 
fourth grade student about 30 minutes a day for eight weeks or more. To leam to compose ai a 
keyboard and make effective use of a word processor takes additional instruction and practice. 

There arc several a^Witional difficulties. First, teachers have to leam to provide the initial 
instruction and to work with students who do process writing in a word processing environment. 
Even if the initial instruction is provided by a specialist rather than the regular classroom teacher, uhe 
classroom teacher must work with students after the initial instruction. All of the studerts' 
subsequent teachers face the same pmblem. This suggests that large numbers of te .che. will need 
to leam to work with the idea of j^'-jcess writing In a word processing environment. 

Second, there is the maUer of access to appropriate computer systems. Once a student becomes* 
adept at this mode of writing, the student will want to continue its regular use. This can easily 
require providing each student with 30 minutes of computer time per day. It also raises the issue of 
needing to provide computer access for students to use at home, after school, and on weekends. 

TMrdy there is the problem of testing-especially standardized testing. Suppose a student has 
had several years' experience in using a word processor to do process writing. The student has 
learned to approach writing projects using this productivity tool. There is a good chance the student 
car write better and faster using a word processor than using pencil and paper. An appropriate 
assessment of this student's writing skills requires giving the student access to a computer during 
the test. 

Fourth, once one has a word processor, it is quite helpful to have a spell checker, a 
grammar/style checker, and an outliner. Such aids to writing may have a significant impat ; on the 
nature of the writing curriculum. They may require changes in textbooks, lesson plans, and the 
way class time is stmctured. And once again the issue of testing arises. Should a student be 
allowed to use spelling and grammar checkers when doing writing for an essay test? 

These four types of difficulty occur for all Cn applications. The problem ui teacher training is 
addressed specifically by the materials in this notebook. The problem of access to appropriate 
hardware and software will be with us for many years to come. It can be overcome through 
appropriate allocations of money. The testing problem is being addressed by a number of agencies 
involved in widespread assessment. For example, some states and provinces now allow use of 
calculators on certain tests. However, it seems clear that this will be a long term problem. 
Textbook companies are slowly beginning to address the issue of integrating the computer as a tool 
into the book5 they publish. School districts and individual teachers interested in mJcing more 
rapid progress are developing their own curriculum materials. 
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The Poicntial of CH 



Many work environments now provide a computer or computer terminal for every emplo>ee. 
It is clear that this will become more and more common, since computers are such useful aidb lo 
solving certain types of problems and increasing human productivity. Thus, it ^eern^ appropnaie lo 
assume that increasing numbers of today s students will use computers when they go to work. 

Research or* trar*sfer of learning strongly supports the position that instruction and training 
should closely p^^^.cl the final desired behavioi's. Thus, if we need workers who are adept at 
using computers to aid in solving problems, we should integrate computer use as students develop 
their basic problem-solving skills and strategies. For these and other reasons, it seems clear that 
Cn will grow rapidly for many years to come. 

As cn increases, both teachers and students will begin to question the content of many of their 
courses. If a computer can solve or help solve a particular type of problem, what should students 
leam about the problem? Is it necessary and appropriate to leara to solve each type of problem 
using only conventional aids such as bocks, .and pencil and paper? Or, should schools focus more 
on underlying concepts and help students gain an overall understanding of problems that computer o 
can solve? 

In some cases an answer will be forced on schools. For example, libraries are being 
computerized Card catalogues are being replaced by computeriz*^^ information retrieval s> stems. 
Important publications are available only in computer databases. Since learning to access 
information is an essential component of education, students will have to leam to use databases and 
computerized information retrieval systems. 

In other cases schools will have wide options. For example, consider the impact that handheld 
calculators hr.ve had on the upper elementary school and middle school mathematics curriculum. 
While the potential for calculator-integrated instruction is large, the actual impact on the curriculum 
has been minimal. This is true in spite of many years of strong support from the National Council 
of Teachers of Mathematics for integration of cal ;ulators into the curriculum. In April 1986, the 
NCTM issued still another strong statement recommending calculator use at all grade levels. A fcvv 
states and provinces are now beginning to allow use of calculators in certain testing situations. We 
may be seeing the beginnings of a trend toward allowing calculators (and, eventually, computers; m 
standardized testing situations. During the academic year 1987-88, for example, the Chicago publ.w 
schools purchased approximately a hundred thousand calculators for use by tiieir students. 

Much of the short term potential for CH depends on how well our educational system 
addresses the issue of inservice education. All current teachers can leam to make .Tective use of 
cn. Given appropriate inservice educational opportunities, many will do so. 
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ROLES OF COMPUTERS IN PROBLEM SOLVING 



Each academic discipline focuses on certain types of problems. Each discipline has vocabularj 
and notation, methodology, and tools to aid in describing and solving its problems. Problem 
solving is a unifying then^ throughout all of education. In this chapter wc uce the term problem 
solving in a very general sense, so that ideas such as higher order skills and thi iking skills are also 
included 

Undoubtedly the single most important idea in problem solving is that of building on the 
previous experiences of oneself and others. For example, consider the importance of language in 
problem solving. The language(s) you speak and reaJ have been developing over many years, 
beginning long before you were bom. You learned to speak and read many years ago, so that now 
when you speak or read you are using learning work that you did long ago as well as building on 
new meanings words have taken on for you. 

Paper and pencil provides another type of example of building on the previous work of oneself 
and others. It is evident that paper and pencil are useful aids to problem solving in twtvy discipline. 
Paper and pencils artifacts developed and produced by people. When you use these artifacts, you 
are building cn the work of the inventors, producers, and distributors of these artifacts. Paper and 
pencils are tools that you spent many hours learning to use when you were young. You now use 
them .readily and with little conscious thought of your earlier learning efforts. 



The Computer Tool 

Now we have a Lew, general purpose aid to problem solving. (Actually, the electronic digital 
computer was invented in the 1940s, so it really isn't very "new" anymore. Commercial mass 
production of computers began in 1951 with the introduction of the UNTVAC I. Most people who 
talk aboui the computer being a new tool are people who have been mtroduced to computers 
relatively recently. The computer is new to them, so they assume it is new to others.) The advent 
of the microcomputer beginning in the mid-1970s has made computers readily available to ver>' 
large numbers of students and workers. However, it is only recently that enough computers have 
been made available to piecoUege students to begin making an impact on their education. In th«: 
sense, computers are still a new tool in education. 

One of the most important ideas in problem solving is that the aids available for solving a 
problem shape the thinlang processes used. You have grown up with books and pencil and paper. 
When you were a younp student, you received many years of instruction in their use. Now, when 
working on a problem, you automatically consider possible uses of these aias. 

For example, suppose that you needed to prepare lesson plans for a course. Perhaps you 
would first do some brainstorming, writing notes to yourself on the major ideas to be covered, 
sources of information, time lines, and so forth. Next, you might go to your files and pull out 
materials you have collected and/or used in the past. Then you might begin to organize, waiting 
new mater "Is and adding to old materials. Perhaps a trip to your bookshelf or the library might be 
necessary. Finally, you liiight put it all together in a notebook or in file folders. 

This description represents a problem-solving process. It involves careful thinking, drawing 
on one's knowledge of students, one's own teaching skills, the teaching/learning process, school 
schedules, etc. It involves creating new materials and reorganizing old materials. It involves 
information retrieval, organization, processing, and storage. In this problem*solving process >uu 
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automatically and with little conscious thought make use of reading and writing. The 
reading/writing tools, which are actually essential to solving the problem, are essentially transparent 
in the problem solving process. That is, you don't even think about them. Eventually it will be this 
way with computers, and that is a major goai for computers in education. 

A computer can be a useful aid in accomplishing much of the work in solving the lesson 
planning problem discussed above. However, relatively few people have worked with compuiers 
long enough for computer use to be second nature. Indeed, it could well be that most adults toda> 
will never achieve this level of comfort or ease in using computers. But students who have the 
ability to learn reading and writing can also learn how to use the computer as a problem-solving 
tool. This can be done through computer-integrated, instruction which ibcuses heavily on the 
computer as an aid to problem solving. 

Because computers are still rather scarce in elementary schools, the idea that students may grow 
up accustomed to the idea of using the computer as a tool may seem rather "far out'' to you. But on a 
national scale we are now in a period of very rapid growth in availability of computers in schools. 
The value of learning to use a computer with a word processor, spelling checker, and grammar 
checker is now widely accepted by educationalleaders. Many schodl districts have made the 
decision that all their students should have such an educational opportunity. Often these school 
districts are also teaching their students to make use of databases and computer graphics. Eventually 
these types of problem-solving tools will be a routine part of the elementary school environment as 
well. 



A Definition of a Formal Problem 

Every person encounters and copes with a large number of problems every day. Many of these 
problems are routine and solving them becomes almost automatic. But think for a moment about the 
variety of problems you deal with in a typical day on the job. For example, as a classroom teacher, 
you routinely solve problems such as deciding what materials to teach, how to present them lo 
students, how to measure student performance, and how to work with students who are i ot 
performing up to your expectations. You attend staff meetings and work on problems faced by the 
whole school. You handle your personal budget, solving problems on how tL,tse funds should be 
used It is easy to extend the list, and you should find littie difficulty in building your own list. This 
exercise should convince you that you are an accomplished problem solver and Know a great deal 
about problem solving. 

Problem solving has been carefully studied by many great thinkers. There are a number of 
books that define the concept we call problem and explore a variety of problem -soiving techniques, 
(see the references listed at the end of this chapter). We will use the following four components as a 
definition of problem: 

1. Givens. There is a given initial situation. This is a description of what things are known 
or how things are at the beginning. 

2. Goal. There is a desired final situation (or more than one). This is a description of how 
one wants things to be; it is a description of the desired outcome. 

3. Guidelines. This is a listing or description of the general types of steps, operations, or 
activities that may be used in mo' dig from the Givens to the Goal. Guidelines arc the 
resources and facilities - that is, the powers of the problem solver. (The Guidelines do nui 
tell one how to solve the problem.) 

4. Ownership. In order for something to be a problem for you, you must a pi some 
ownership. You must be interested in '^olv^ng the problem or agree to woik on the problem. 

The choice of vocabulary (Givens, Goal, Gaidelhes) is for the mnemonic value of the three 
Gs. Other writers may use different terms. When we say that a problem is well defined, we mean 
that the three G's are clearly and carefully specifi&i A well-defined problem can be worked on by 
people throughout the world over a period of time. Progress toward solving the problem can be 




shared, and cumulative progress is possible. This idea of sharing progress toward solving a 
problem or category of problems is absolutely fundamental to the human race making intellectual 
progress. 

We frequently encounter problem-like situations that have some, but not all, of the four defining 
characteristics of a formal problem. We will call these problem situations. Often the most impononi 
step in solving a so-called ''problem'' is to recognize that it is actually a problem situation and then do 
the work necessary to obtain a carefully defined problem. This requires careful thinking, drawing on 
whatever knowledge one has that might pertain to the problem situation. Often a group of people 
will have a brainstorming session to get relevant ideas. See especially the works by Vorrance. His 
research and development group has produced instructional material designed to help students gain 
improved problem-solving skiUs. See also de Bono (1971, 1973). 

Each of the four components may requke further explanation in order to become clear to you. 
We begin with the last one: Ownership. Some experts on problem solving exclude this component, 
while others gi e it considerable weight. If coping with a particular situation is essential to your 
survival, you are apt to have considerable ownership of this situation. But if the situation is a 
hypothetical (school book) exercise of little intrinsic interest, you may have littie or no ownership. 
Ownership is a n^ntal state, so it can quickly change. 

The issue of ownership is particularly perplexing to educators. They recognize that ownership 
- that is, a deep interest and involvement with a situation -- often contributes to deep and lasting 
learning and Intellectual growth. iTius, teachers often expend conslJerable effort creating situations 
in which their students will feel ownership. 

Some alternatives to ownership are apathy and/or coercion. Keep in mind that problem solving 
is a higher order mental activity. Most people do not perform higher order mental activities well 
under coercion or while in a "I couldn't care less." mood. 

As an aside, you may know some students who have spent literally dozens or even hundreds of 
hours working on a particular computer program or mastering a computer system. Yuu may have 
said to yourself, "If only I could get all of my students tha. deeply involved." It is clear that such 
ownership of a computer-related problem has changed the lives of a number of very bright and 
talented students. 

Many people are puzzled at first, by the Guidelines component of the definition of problem. 
Suppose that you were giving your students a spelling test From the student viewpoint, the task of 
correctly spelling a word is a problem to be solved. The student would be successful if allowed to 
use crib notes or a dictionary. What makes the problem a challenge is that these aids, and other aids 
such as the use of a neighboring student's paper, are not allowe J. The Guidelines specify that 
students are to do their own wor)i, without the use of crib notes or a dictionary. 

For the mathematically oriented reader, another excellent example is provided by the problem 
situation of trisecting an arbitrary angle. In the figinc below, angle ABC is an arbitrary angle (i.e., 
it is of unspecified size). The goal is to do a geometric construction that divides angle ABC into 
three equal angles. 



A 




Given angle ABC 

Cl3 Notebook • 2.2 Problem Solving • Page 3 



Sometimes the Guidelines specify that one is oiily allowed to use a straight edge, compa^b, and 
pencil. In that case it can be proven mathematically that the problem cannot be solved. In other 
cases one is allowed to use a protractor in addition to the other implements. Then the problem is 
^asily solved by measuring the angle, dividing the number of degiiees by three, and constructing new 
angles of the resulting number of degrees. Note that in the latter case the compass is not used, e\en 
though it is available. Solvmg real world problems is sometimes difficult because many resources 
are available, and often it is not clear which ones to i je to solve a particular problem. 

For a third example, consider this problem: Teachers in a particular school seem to be using 
substantial amounts of pirated software. You can investigate the problem situation lo clarify the 
given situation (that pirated softwat-e is being used by teacherr.). You can set a goal, such as 
reducing the use of pirated software by two-thirds in the first ye^ir and decreasing it still more the 
second year. As a responsible and etltical educational leader, you may have jonsiderable ownership 
of the problem situation. But what are the guidelines? What types of things can you do that might 
help achieve the goals? 

Brainstorming, individually or in groups, is often used to develop a list of resources 
(guidelines) or potential activities you might carry out to solve a problem. For erample, teacher 
software piracy niight be reduced by an informational program, providing .iey to buy enough 
software, threats of dismissal, and so forth. Further exploration would be n *d to determine if 
these options were actually available to the problem solver. 



Steps in Problem Solving 

In this section we list a sequence of steps that may be followed in attempting to resolve a 
problem situation. Often we carry out some of th. steps quite automatically with littie conscious 
thought But it can be quite helpful to consciously think about each step in problem situations that 
seem to be giving us trouble. (Here we arc assuming the Ownership condition is satisfied, that is, 
you are interested in resolving ihs problem situation.) 

1. Work with the problem situation unti' you have converted it into a well-defined problem, that 
is, until you have identified and understood the Givens, Goal, and Guidelines. This f i^t 
step is a creative, higher order thinking process, which often involve considerable 
knowledge as well as a good sense of values. Two different people, when faced by the 
same problem situation, may come up with quite different well defmed problems. 

2 Select and/or develop a procedure that is designed to solve the problem you have defined. 
This is an information retrieval and/or creative thinking step. \ Jsually it invol . js both, 
computers may be useful in retrieving needed information. (W\: will discuss the idea of 
procedure more in the next section of tiiis Chapter.) 

3. Execute or cause to be executed the steps of the procedutie. Sometimes this will be a 
mechanical, nonUiinking activity, where speed and accuracy arc desired and computers ma> 
be quite useful. (The executions of many mathematical procedures falls into this categor>.> 
At otiier times the execution of a procedure will require the best of truly human skills. (The 
work of a good psychotherapist falls into this category.) 

4. Examine the results produced in Step 3, to determine if tii^^j problem you defmed in Step 1 
has been solved. If it has been solved, go on to Step 5. Otherwise, do one of the 
following: 

a. Return to Step 3 and recheck your work People and machines sometimes make 
mistakes. 

b. Return to Step 2 and determine another approach to solving the problem >ou ha\e 
defined. 
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c. Return to Step 1 and determine another problem to be solved. 

d Give up, or seek help fir^m others. The problem might not be solvable, or it might be 
beyond your abilities, or it might be beyond the efforts you are willing to make at this 
time. 

5. Examine the results produced in Step 3 to determine if the original problem situation has 
been satisfactorily resolved. If it has, you are done. If it hasn't, do one of the following: 

a. Go to Step 1 and determine another problem to be solved 

b. Give up, or seek help from others. 

Problem solving research suggests that students benefit from learning and practicing the above 
five-step approach to problem solving. It u applicable over a wide range of disciplines and 
problem-solving situations. Notice that success is not guaranteed, but that persistence increases the 
likelihood of success. Note also the personal nature of the five-step approach. Problem solvuig is a 
personal thing, and personal values are often central to a problem situatijn. 



What is an Effective Procedure? 

When you are able to solve ^ particular type of problem routinely or automatically, you have 
developed one or more procedures (algorithins, detailed sets of directions, recipes) for this type of 
problem. Computer scientists are deeply concerned with developing pro>:edures that tell a computer 
how to solve a certain category of problem. We will use the phrase effecdve procedure in 
discussing the idea of a procedure that can be carried out in an automadc, nonthinking, computer- like 
mode. 

More formally, an effective procedure is a detailed, step-hy-step set ^f instructions having the 
two characieristics: 

L It is designed to solve a specific problem or category of problems. 

2. It can be mechanically interpreted and carried out by a specified agent Here the term 
"mechanically interpreted" means in a machine-like, nonthinking manner. Computer 
scientists arc interested in situations where the agent is a computer or a computerized 
machine such as a robot 

Computers arc important because they can rapidly, accurately, ?nd inexpensively execute man> 
differept prcx:eduies. The number of such procedures continue^ ^ grow very rapidly through the 
work of researchers in all disciplines, computer scientists, and computer programmers. Thus, an 
understanding of the concept of effective procedure is generally considered to be an important pan of 
computer literacy, and it certainly lies .:t the heart of having a general understanding of roles of 
computers in problem solving. 



Roles of Computers 

In this section we briefly examine each of the five steps one might follow in resolving a problem 
simation. Cur intent is to point out roles of computers in each step and to briefly discuss possible 
cumculi^^ implications. 

Tlte ,nr:^: step is to understand the problem situation and work toward having a well defined 
problem. This Ls a thinking step , drawing on one's general knowledge as well as specific 
informatioi. aboit the problem situation. That is, both a broad general education and in-depth 
knowledge abcut the specific situation are useful. Many educational leaders argue that a broad 
liberal arts education is useful in understanding and critically examining the witk range of probleni 
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situations one encounters in our society. Values education plays an impurtani role here, since the 
pnxcss of developing a well-defined problem from a problem situation often depends heav il> on 
personal values and views. 

Computer-Assisted Learning (CAL) is of growing importance in acquiring education for 
undcrsta-.ding problem situations. Research evidence strongly supports the contention that btudeni^ 
generally learn faster in a CAL enviro' tent ihai* they do in a conventional instructional env ironment. 
There is strong research evidence thai .\L is a cost effective aid to students. The evidence is 
strongest in tlie acquisition of factual knowledge, or at the lower-order level of Bloom's taxonom>. 
Computerized drill and practice worics! 

The second step is to select and/or develop a solution procedure for the well-defined problem 
you have produced in the first step. You might select and retrieve a solution procedure from your 
head. 

As an example, the problem might be to determine the number of cubic yards of concrete needed 
for a patio that is to be 12 feet wide, 15 feet long, and 4 inches thick. A procedure to solve this 
problem involves conversion of units, multiplication, end division. 

SI: Convert 4 inches to feet (by dividing it by 12). 

S2: Multiply the three dimensions (each given in feet) to find the number of cubic feet in the 
patio. 

S3: Divide the answer produced in Step 2 by 27, to convert it to cubic yards. 

It is important to realize that there can be many different procedures for solving a problem. Here 
is another approach to solve the patio problem: 

SI: Convert all measurements to yards. This involves dividing the measurements given Ln feet 
by 3, and dividing the measurements given in inches by 36. 

S2: Multiply the three dimensions (each given in yards) to get the number of cubic >ards of 
concrete needed for the patio. 

The mental selection and/or development of a solution procedure is a thinking process. One can 
gain skill in this thinking process through practice. Computers can be used to create practice 
situations. Many simulations or simulation/games arc designed to provide practice in this 
problem-solving step. 

An alternative to retrieving a procedure from your head is to retrieve it from a library, .vhich ma> 
contain books, periodicals, films, and so forth. Many libraries have replaced their card catalogs b> 
computerized card catalogs. Moreover, much of the Infonnation needed is now stored in compuier:>. 
One of the defining characteristics of the Infonnation Era we are now in is the growing availability of 
information and the growii.g technology to aid in Information retrieval. It is clear that computers arc 
very important in retrieving procedures for solving problems. This strongly suggests that all 
students should learn to muke use of these aids to information retrieval. 

The third general step in resolv' a problem situation is to execute or cause to bt executed the 
procedure from the second step, ^ we have indicated, some procedures require a "human touch." 
Others can be executed mechanically, in a nonthinking fashion. A large and rapidly grow ing number 
of procexiurcs can be executed by computers or computerized machinery. 

If a computer can execute or help execute a procedure, what aspects of this procedure do we want 
people to leam to do mentally, assisted by pencil and paper, assisted by noncomputerized machineo , 
or assisted by computerized machinery? This is a very difficult question, and it will challenge our 
educational system for many years to come. The answer that seen:is likely to be widely accepted 
that we want students to have a reasonable understanding of the problem being solved and the 
capabilities/limitations of the computerized procedure. We want students to remain in conorol, bui 
we want them to work with computers rather than in competition with computers. 
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The fourth and fifth steps in resolving a problem situation require examining the results of your 
work to determine if you have succeeded. These steps require critical thinking, drawing on your 
understanding of the initial problem situation and the steps followed in resolving the situation. These 
are highernDrder mental activities. 

The research literature on problem solving strongly supports the idea that people get better at 
problem solving if they study the processes of problem solving, learn to use aids to problem solving, 
and practice problem solving. This suggests that students should learn to use computers as an aid to 
problem sol ing in disciplines for which computers are a:i useful aid. They should practice solving 
problems, making use of computers when their use is appropriate to the problems being solved. 



Software 

In a broad sense, all computer software can be considered as problem- solving software. But 
when we think of preparing teachers and/or students to deal with computexS in schools, 
problem-solving software tends to fall into three main categories: 

1. Programming languages such as assembler, BASIC, C, COBOL, Logo, Pascal and Pilot. 

2. Application packages, such as a graphics, spreadsheet, or database package. Some 
application packages are useful across many disciplines, so we call them "generic." Others 
are usefiil in quite limited contexts (such as software for writing music). 

3. Simulations/games specifically designed to help students Itam specific problem- solving 
techniques. 

There are hundreds of programming languages. In all cases the intent is to make it possible for 
a human to communicate with a computer. Usually a programming language is designed to meet the 
needs of a particular category of computer programmers. For example, BASIC was originally 
designed for college students, COBOL was designed for business data processing programmers, 
Pilot was designed for writing Computer-Assisted Instruction materials. 

In all cases one uses a programming language to specify procedures to solve certain categories 
of problems. This is a very important concept. Tlie writing of a computer program to solve a 
problem requires both a knowledge of a specific programming language and slaU in developing 
procedures to solve problems. The latter is called procedural thinking and is generally considered to 
be an important component of computer literacy. Skill in procedural thinking is independent of an> 
particular programming lar^guage. Indeed, one can develop a high level of procedural thinking skill 
independently of whether computers are available or whether computer programming is used to 
represent the procedures. 

Computer-in-educarion leaders have not reached consensus as to which students should receive 
instruction in computer programming, at what grade levels, or using which panicular programming 
language(s). For x^xample, many school systems have decided to provide insraction in Logo to all 
of their elementary school students. Other districts have decided to include some BASIC in a junior 
high or middle school computer literacy course required of all students. Still other school distjicu 
have decided that computer programming is best left as an elective course nerhaps mainly available 
to secondary school students who have had a leasonably strong mathematics preparation. 

Appli'^ations software may be generic (useful over a wide range of disciplines or problem area:*; 
or it may be quite specific to the problems in a particular discipline. A computer graphics package is 
useful over a wide range of disciplines, while music composition software has much more limited 
applicabUity. A trend has begun to emerge, and it seems likely to continue. Miiny school district^ 
have decided that all students should learn to use a variety of generic applications software. The u^e 
of such software will be integrated into the total curriculum. Initial instruction tnay be in a v ariei> of 
courses at a variety of grade levels, or it may be concentrated into a single compute* L'-eracy course. 
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At the same timr there is growing realization that each discipline has its own appUcaions 
software. Thus, as students study a discipline a: a higher and higher level, they need to receive 
specific instruction in use of the applications sortware of the discipline. Thus, two types of 
computer literacy are emerging. A computer literate student uses generic computer applications 
software as appropriate in working with problems in every academic area. As a student progresses 
to higher levels or greater depths in any particular discipline, the student becomes more and more 
computer literate within that specific discipline. For example, a student who takes college 
preparation courses in chemistry and physics should be learning quite a bit about applications 
softwam specific to the fields of chemistry and physics. Microcomputer-based laboratory (MBL) 
software falls into this category. 

There are many general purpose problem-solving techniques. For example: 

1. Plan ahead, anticipating the consequences of proposed actions. 

2. A large, complex problem can often be solved by breaking it into several smaller, less 
complex problems. 

3. It "5 often helpfiil to draw a picture or map, or in some other manner graphically represent 
the problem under consideration. 

4. It is often helpful to write down the steps you take in an attempt to solve a problem. 

Many different simulation/games software packages have been developed tc give students 
practice in particular problem-solving techniques. Research into the value of such software is 
sparse. The main difficulty seems to be the issue of transfer of learning. For a particular 
simulation/game, it is evident that students get better as they practice using the software. That is, 
they get better at ^plying particular techniques in the context of the simulation/game under 
coiisideration. But there appears to be relatively littie transfer of the techniques to other 
problem-solving situations. It seems likely that the teacher plays a very important role Li helping to 
increase such transfer of learning. A teacher can provide a wide variety of examples, suitable lo the 
academic level and interests of a particular student, where the techniques are applicable. A teacher 
can help encourage students to apply the problem- solving techniques they have studied to the variei> 
of problems they encounter throughout the school day. 
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HMinraAirnN^/iPLAMMnM© 

AN HNSEOTCIS 

3.1 

Preliminary Planning and Activities 



This section consists of some general ideas followed by the project staff in setting up the 
workshops. Although some of the ideas are useful primarily to people who are worlang in a 
relatively formal environment such as a funded project, others apply to any inservice activity. 

Many inservices are open to all educators in a district or region, perhaps subject only to certain 
prerequisites. But research on effective inservice points to the value of peer support within a school 
or department Thus, there is considerable merit in having a number of participants from a single 
school. The NSF project set giudelines of having at least 3-5 or more participants firom each 
school, including a s<:hool administrator. While it was not always possible to adhere to these 
guidelines, they served as an aid in the participant screening process. 



Needs Assessment 

The starting point for planning an inservice is to determine the need(s) that will be addressed b> 
the inservice. (That is, what educational problem is being attacked through the inservice?) Chapter 
1.1 discusses some of the -^eeds that an inservice might address. The question is, how are r^eeds 
determined? 

Ideally, a school district would have a carefully developed long-range plan for instructional use 
of con^uters. Detailed information on the development of such a plan is given in Moursund and 
Ricketts (1988). The appropriate development of such a long-range plan involves participation by 
all of the stake holders. Thus, teachers, school administrators, parents, etc., all have ample 
opportunity to provide input 

A long-range plan calls for certain actions to be taken. Generally, these actions will inclur^e 
acquisition of computer facilities, acquisition or development of software, courseware, and 
curriculum materials, and staff development. That is, die process of developing a long-range plan 
can play a major role in doing a needs assessment for a computer inservice. One merely points tc 
die long-range plan and says "We need to do this particular inservice because of the key role it p.a> s 
in implementation of the plan." 

There are, of course, other approaches tc needs assessment. And even if oi:e has a well done 
long-range plan, these other approaches are useful and should be followed. Gene-^ly speaking, a 
needs assessment should be done using both a bottom up and a top down approach. The b^.ttom up 
approach is to obtain information from the people who are to be inserviced. The tcp down 
approach Ls to obtain informatioi . from the administrators of the people who are to be inserv iced. 
Such information can be obtained by personal interviews, a^)C of questionnaires, informal 
conversations, etc. Part 5 of this Notebook contains some needs assessment instrumentation. 
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The needs assessment will answer a variety of questions such as: 

1. What are the demographics of the group of potential participants in the inservice? 

2. What level of interest is displayed by the group of possible participants? 

3. What are suitable meeting times, places, length of sessions, and number of sessions foi the 
potential participants? 

4. What incentives, such as college credit, release time, improved access to computers in their 
schools and classrooms, etc. art needed to secure there will be an appropriate number of 
participants? 

5. What is the level of support from the administrators of the potential participants? Does this 
level of support include release time for teachers, appropriate materials, appropriate staff 
support to develop and conduct the inservice, etc? Does it include making appropriate 
cornputer facilities available to the participants in their schools and classrooms during and 
after the inservice? Does it include actoally participating in some or all of the inservice 
sessions themselves? 



Staffing 

Most people who organize and present inservices are trained and experienced teachers. But 
facilitating an inservice is quite a bit different from teaching a class of precollege or college studenb. 
Also, the inservice participants will all be educators themselves. Educators expect that the 
inservices they participate in will be naodels of excellence. They are not very tolerant of poor 
organization and teaching. Most teachers find that teaching teachers is much more difficult than 
teaching other groups of students. 

We have two recommendations. First, don't attempt to do a hands-on inservice (such as 
discussed in this Notebook) without an assistant. Your assistant may be someone you are helping 
to train as an inservice facilitator or a computer coordinator from one of the schools participataig in 
the inservice. Once participants get into a hands-on mode, there will be many more questions thar 
a sirgle facilitator can handle. Or course, having participants work in pairs will help some. 
Emphasize tha. participants are to work quite hard to discover the answers to their questions before 
they seek help from the workshop facilitator or assistant. 

Second, plan to spend at least 8-12 hours preparing for each two-hour inservice. Many 
teachers are used to planning a whole day's teaching in an hour or so. But a staff development 
workshop is qjlte different Here you will be worlang with your peers, and you want to do an 
excellent job. Here also you are doinf, something new - you have not offered the workshop a 
number of times before. It will take a lot of hard work to bt adequately prepared to facilitate the 
workshop sessions. 



Some initial Ideas 

Let's assun^ you have decided to conduct an inservice and that you have a general topic and 
audience in mind. You do a needs assessment and conclude both that you will able to obtain 
appropriate participants and that you will have appropriate administrative support You have a btaL 
(it might be only a part-time secieiaiy, a volunteer, or members of a district comput^i committee ; 
who will be involved in the c ul planning and imp .ementation process. You have selected an 
assistant who will help durin : '.t inservice presentations. You have a good idea of how the 
inservice will contribute to ac j^lishing the district's overall plans for computers in education. 

4:: 
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The following list of ideas may help you as you continue the planning and development ot the 
inservice. 

L Meet with your staff early and often. Have them participate in the overall planning process 
as much as possible. This helpi to keep them informed (so they can respond to telephone 
inquires when you arc not available, for exampk; and increases their "ownership'' in the 
overall task. 

2. Establish guidelines for selecting the schools aiid individuals who will participate. Check 
these guidelines with the funding agency or group responsible for making the inservice 
possible. If you arc not the computer coordinator for the regljn to receive inservice, check 
mth the computer coordinator. 

3. Communicate with the potential participating schools and individuals. This may be done 
via a combination of mail (regular and electronic), announcements in newsletters, phone 
calls, and direct contact Indicate generally the desired nature of school and individual 
participants, and indicate where and when an information meeting will be held. 

4. Prepare for and conduct the information meeting. You will want to have a handout 
containing key information that possible individual and school participants need to know, 
which may include appropriate application forms. Hold the informational meeting early, so 
that possible participants from each school will have time to have an in-school meeting to 
decide if they will participate. 

5. If you are giving university credit to the participants, make sure you have everything 
coordinated widi the university or college as well as the school (listrict(s). This process can 
take some time, so begin early. 

6. Your inservice will use of a variety of software. You will need multiple copies and/or 
permission from publishers to do multiple loading. Make sure that you begin the process 
of obtaitiing the software and/or permissions early enough so that this task is completed 
weU Hf*fore the inservice is scheduled to begin. 

The choice of software can be a major decision. Should you use software readily available 
y ' ^_ \ A, or should you use the "latest and greatest?" An inservice must be grounded in 
reality, llius, raiuch of the software used should be software to which teachers have easy 
access. But an inservice should also be forward looking. Thus, it is appiopriate to use 
sorrn software t- 1/. may be new to teachers in your school or district 

To a large exteh^ the NSF project used software from the Minnesota Educarional 
Computing Coas(;rtium (MECC). This was done because such software is in wide use 
throughout Noiih America and because it was available in the school district where the 
inservices were being conducted. However, we also obtained multiple copies of some 
software on loan fro^ certain vendors, and we obtained permission to do multiple loading 
from certain other vendors. Our experience was that vendors are very supportive of staff 
development efforts. 

7. Your inservice may make u.e of print materials that will need to be ordered from publishing 
companies or reproduced It can easily take a month to obtain print materials from a 
publishing company, so begin this process well in advance of the staning date for your 
inservice. 
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8. Think about where and when the inservices are to be conducted. From the point of view of 
the inservice organizer, it is easiest to conduct all inservices at one central site, and to hold 
them at a time that ''seems" convenient to the organizer. However, participants may gain 
more ownership and overall involvement if the inservices are conducted in their schools. 
This involves holding inservices at a number of different sites witi* varying equipment 
facilities. It involves holding inservices at a time that the potential p^icipants have 
indicated fits their needs. 



Miscellaneous Suggestions to Inservice Facilitators 

1. At the first meeting of the inservice, be well organized. Have name tags available, 
appropriate refteshments, etc. Be efficient and business-lil ^. If appropriate, provide each 
participant with a list of the names, addresses, and phone numbers of the participants and 
the facilitators. 

2. At the first meeting of the inservice you will most likely want to have a number of things to 
handout These might include: 

a. A notebook for participants to keep materials in, with colored paper or dividers to 
separate the lessons. 

b. The types of materials illustrated in this notebook. (Some inservice facilitators prefer 
to hand out all materials during the first session, while others prefer to hand out each 
session's materials at the start of that session.) 

c. Other print materials, such as books, that participants will need to read during the 
inservice. 

d. Some software, if it is appropriate. For example, there may be some excellent public 
domain software that is suitable for participants in the inservice. Participants like to 
receive fi:ee materials. 

e. A syllabus for the inservice. 

3. Much of the material you hand out may be forms that you want participants to write on 
during the inservices. If so, make sure participants know that extra copies of these pages 
in the handc5ut can be "ordered" ftom you so that they feel free to write on them during the 
sessions. Have a form available to them, so they can order copies as needed, or just 
provide them extra copies in an automatic fashion. 

4. The computer is a powerful tool and a powerful change agent in education. Both the 
overall educational system and individual educators are (in general) resistant lu change. 
The inservice facilitator should deal openly with change processes and resistance to change. 
Thi*; should be a reoccurring theme in the debriefing at the end of each activity. Spend 
son time thinking about educational change. How do you feel in youi role as a facilitator 
of change? 

5. Student / teacher modes. The style of inservice described in this Notebook has the 
participants sometimes play the role of "students" and other times play the role of 
"teachers." Make die participants aware that at times they will be students and at other 
times teachers during the inservice sessions, and why the inservice is designed in this wd>. 
This switching of modes can be confusing, so make it clear when you ace having 
parncipante switch roles. 
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6. The style of inservice described in this Notebook is heavily oriented toward discover)' 
based learning. Be aware that relatively few teachers are comfortable with discov er) based 
learning. Think about why discovery based learning is particularly appropriate in computer 
education and in this inservice. Raise this as a topic for discussion quite early in the 
inservice, and raise it several additional times during later inservice sessions. 

7. Transfer of learning is a v^,ry important idea in computer inservices. The goal is that 
participants will take ideas from the inservice and implement them in their classrooms. 
Raise this as a topic for discussion during the first inservice session and bring it up again at 
subsequent sessions. It is quite appropriate to ask in the second and subsequent sessions 
"Would one of you please share with us some classroom uses you made this week of the 
ideas that we covered in the last session?" Do everything you can to encourage such 
immediate implementation and the sharing of successful implementations. 

8. Keep in mind that problem solving is a central and unifying theme in the inservice and is the 
main reason why computers are coming into schools. 

a. The computer-as-a-tool is essentially the computer as an aid to problem solving. 
Problem solving should be a central theme in every activity and in every debriefing. 

b. Many of the changes that may occur as computers come into schools are changes that 
could/should occur even without computers. A typical example is increased emphasis 
on problem solving in math and decreased emphasis on rote computation. Another 
example is increased emphasis on the oveiall writing process (process writing) -^nd 
less emphasis on the mechanics of writing, such as spelling and grammar. 

9. Prepar tion time. (Here we are repeating some ideas given earlier in this chapter, because 
they ^ _ particularly important.) The novice inservice facilitator may wonder how much 
work is involved in preparing to facilitate a sequence of inservice sessions. Of course, a lot 
depends on the standards the person sets. Also, the time depends heavily on the overall 
knowledge of computers, computers in education, the subject discipline of the teachers to 
be trained, and the software to be used. The experiences of the NSF graduate assistants 
who did almost all of the presentations during this project have shown that even a highl> 
qualified inservice facilitator cai; easily spend 8-12 hours preparing for a two-hour 
inservice. {Note: It doesn't take nearly ^^is long to prepare fc* subsequent presentations of 
the same inservice.) Acce^^'S to materials such as those in this Notebook can decrease 
preparation time somewhat and can odd to the overall quality of an inservice. But to a ver> 
large exteat, the quality of an inservice depends on the quality, experience, and preparation 
of the facilitator. 
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Sample Timeline Outline 



The final format of the NSF inservice sessions discussed in this Notebook was a sequence of 
two hour sessions. The sessions were held immediately after school, typically from 3.30-5.30 or 
4:00-6:00 in the afternoon, one day pe/ week. 

Through careful thought, trial and error, and experience, we gradually developed a Sample 
Timeline for the organization of a two hour session. I**, essence, this Sample Timeline consists of a 
model for a one hour session, and the model is followed twice for a two hour session. This way of 
building longer sessions from a one hour session can be further extended to still longer inservice 
sessions. 

The outline given below suggests specific amounts of time for the vaiious parts of an inservice 
session. However, flexibility is important. The actual time spent on any given activity will depend 
on the activity, the facilitator, and the participants. 



Minutes allotted 

10 Minutes 

5 Minutes 
25-35 Minutes 

10-15 Minutes 
10 Minutes 

30-35 Minutes 

10-15 Minutes 
10 Minutes 



Activity 

Starting activity. Have participants either work on an off machine 
activity or on the computers with software that is fairly self-explanatory. 
Make use of an appropriate Performance Aid. 

Debriefing of the above activity. 

First major activdty for the session. This is time for the participants to 
be on the computer. It can be a more in-depth continuation of tlie 
starting activity, or it can be a new piece of software. 

Debriefing of the above activity. 

A short bre Jc for stretching, coffee, cookies, other refreshments, and 
informal conversations. Generally speaking, there is never enough time 
to accomplish the aims of an inservice program. Don't let the break time 
stretch too much! 

Second major activity. Again, participants will be using the computer in 
most such activities. However, sometimes off machine activities are 
quite appropriate. 

Debriefing of the second major activity. 

Closure. Summarize what was accomplished during the day; any 
additional comments from the participants or yourself; details of the next 
meeting. 



This general outline is only meant to serve as a starting point for organizing a two-hour 
session. TTiere may be certain sessions where the debriefing and discussion is of more imponant 
than hands-on time. In those cases the facilitator should adjust ^le schedule as necessar>. In other 
cases an off-machine activity may be more appropriate than a hands-on activity. 

A key concept in the CP model is a discovery-oriented approach. Most inservice facilitators 
are quite used to delivering lectures that cover a given body of material. But the amount of straighi 
lecture time in a two-hour session such as outlined above should probably be less than ten m^nutesl 

Rather than lecture, the inservice facilitator facilitates. Participants spend the bulk of their nme 
in two modes. The tirst is a hands-on mode, usually working in groups of two at a machine. This 
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is a leam-by-doing environment Participants are encouraged to answer their own quebtion^ b> a 
combination of trial and error, reading the Perfomiance Aids and other handouts, and asking ea^h 
other. When the inservice facilitator must intervene, it should be as a facilitator rather than as an 
answer provider. 

The second major participant mode is group discussion, sometimes in small groups and 
soffjctimes in a whole-class group. Many teachers have had relatively little experience m fatilitaung 
small-group and large-group discussions. (A good way to gain experience is bj working with a 
group of educators. This is because once a facilitator gets educators started talkuig, it is hard to get 
them to stop!) A good .iile of thumb is that the facilitator should talk less than half of the time 
during a group discussion. 

The group discussion debriefing sessions must leai to discovery or reiteration of the major 
points covered. Thus, the facilitator must have these points in mind. As participants make 
comments that relate to the major points, the facilitator must seize these opportunities to make b^ic 
that these points have been discovered and comprehended by all participants. Initially, many 
inservice facilitators find that this is harder to do than to just delivering a straight lecture. But, with 
practice, it becomes an enjoyable and relatively easy mode of instruction. 



Cl3 Notebook • 3.2 Timeline • Page 2 



4.0 

Software Bibliography 



Developers of an inservice should give careful thought to whether they want to base their 
inservlce sessions on the "latest and greatest" software, or software that is more apt to be available 
to teachers. Ideally, essentially all of the software used in an inservice would then be innmediately 
available for participants: to use in their classrooms. Generally speaking, it is more important to 
achieve this objective than to make use of the "latest and greatej^t" software that is on the market 
This assumes, of course, that the software being used in the insex-^ice is of acceptable and useful 
quality. 

There is a great deal of software that would be useful in a computer inservice for secondary 
school math teachers. This section lists most of the software used when this NSF Math Inservice 
was conducted during the 1986-87 academic year. It i.^ advisable to check with the producer, 
prices, as well as availability, tend lo change rapidly. 

Apple Computer, Inc. 20525 Mariani Ave*, Cupertino, CA 95014; 408/996-1010. 

Apple Presents AppleWorks 

A hands-on tutorial for the AppleWorks program. 

Free with purchase of Apple Works- Apple H (128K recommended). 

AppleWorks Grades 5-College 

A very widely used integrated word processing, spreadsheet and database program. 
$175-Apple n (128K recommended). Lab packs are available at a substantial savings per 
copy of the software. 



Broderbund Software, 17 Paul Drive, San Rafael, CA 94903-2101; (415) 
479-1700. 

Geometry Grades 9-College 

An interactive geonc^try program that follows the traditional geometry curriculum. It 
includes over 450 problems and proofs. 
$99.95-MacIntosh 512K and up. 



EduSoft, P.O. Box 2560-OG, Berkeley, CA 94702; 415/548-2304. 

SuperPlot Grades 8-College 

Graphing software that quickly graphs any polynomial, trigonometric, logarithmic, or 
exponential function. Up to five functions may be displayed on the screen at the same 
time, allowing comparisons. The user can scroll functions left, right, up, or dow^: to 
investigate key areas of interest. One can also zoom in or out on either axis. 
$49.95-Apple He/c. 

t r 
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The Learning Company, 545 Middlefield Road, Menlo Park, C A 94025-9968; 
800/852-2255. 

Gertrude's Puzzles Grades 1-6 

Problem- solving software that builds basic thinking skills. An exploratory game in which 
students solve puzzles by using cha attributes of the playing pieces on the screen. 
$44,95-Apple H, Commodore, IBM PC (color monitor required). 

Rocky's Boots Grades 2-Conege 

ftoblem-solving and logic-forming software. The game format allows players to move 
from room to room as they leam what pieces do and how lo connect them. There are six 
sections, each with various rooms of progre-ssive difficulty. 
$49.95-Apple H, Commodore, IBM PC, Tandy. 



MECC, 3490 Lexington Ave. N., St Paul, MN 55126; 612/481-3500. 

MECC Graph Grades 3-12 

An easy-to-use, flexible aid for graphing small amounts of data. One can graph 
name-number and number-pair data (up to 3 sets). Name-number data can be graphed as a 
line, bar, or pie graph. User can change data and adjust scales of graphs. 
$49-Apple 64K. 

MECC Graphing Primer Grades 3-12 

The five activities: Line Games, Ear Games, Tell the Story, Quick Review, and Find a Fact 
provide students with an interactive review of basic graphing concepts. Emphasizes skills 
of analyzing line, bar, and pie graphs. Presumes some previous instruction in graphing 
terminology and instruction. Each program involves students in the process of analyzing a 
graph. 

$39-Apple 64K. 

MECC Mathematics Volume 1 - Graphing, Logic and Equations 

Grades 6-12 

Eight programs focus on central concepts of secondary math. Versatile gr..^ .ng utilities 
enable students to explore algebraic and geometric concepts, and games provide practice in 
thinking logically and in applying concepts of coordina.i: geometry to various problem 
simulations. 
$29-Apple 48IC 

Mind Puzzles Grades 6-10 

Varied activities involving mazes, patterns, and arrays. Students must use logical thinking 
to solve problems. 
$49-Apple 48K. 



Sunburst Communications, 39 Washington Ave-, Pleasantville, NY 148S0; 
800/431-1934 

Green Globs and Graphing Equations Grades S-College 

Four programs for graphing equations. Equation Plotter plots conic equations and general 
functions. Green Globs has two game levels, both displaying 13 green globs scattered 
randomly over a set of coordinate axes. Students determine and ente*" equations for the 
graphs that will hit as many of the green globs as possible. Linear . A Quadratic Graphs 
draws a graph and the student must write the equation for that graph. The student's 
equation is also graphed on the screen in a different color. Tracker is a game in which 
students must locate linear and quadratic graphs hidden in a coordinate plane and detonii.ne 
tiieir equations. $60-Apple IJe/c/+/GS 48K. 
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High Wire Logic Grades 5-9 

Students arc watching a high wire act with balancing objects. Some of the objects fall into 
the net Students earn points by writing as many rules as possible using and/or/exchibi\e 
or to describe the objects still remaining on the wire. 
$59-Apple ne/c/+/GS 48K (color monitor required). 

Teasers by Tobbs Grades 4- 10 

Two programs give students practice in logically solving addition and multiplication 
ptxDblems, The games are in the shape of an addition or multiplication grid. The grid 
presents a series of math problems, each missing a number. Students decide which 
number can't be, might be, or must be the correct solution. 
$59-Apple, Atari, TRS-80, BM, PC, Commodore. 

The Factory Grades 4-12 

The Factory is a problem-solving visaon^ion game. It is designed to teach several 
strategies: woridng backwards, analyziiig a process, determining a sequence, applying 
creativity, visual reasoning, and rotr^don. There are three levels: experimentation, making a 
product, andchallenges. 

$59-Apple, Atari, Commodore, TRS-80, IBM PC. 

The Super Factory Grades 4-12 

Brings three-dimensional images to the computer screen in the form of a cube whose six 
faces contain varying objects with varying orientations. Students arc taught 
problem-solving strategies and gain slall in spacial visualization as they rcsearch and design 
products and challenge each other. Different levels of difficulty encourage students to think 
logically. 

$59-Apple n/e/c/GS. 

The Geometric PreSupposer Grades 5-10 

This piece of software provides a solid foundation for geometry by introducing simple 
constmctions that can be made with a straight edge and compass. Students can meai>ure 
lengths, angles, areas, and circumference, and then e. periment witli mathematical 
combinations of these nxasurcments. 
$99-Apple ne/c/+/GS 64K. 

The Geometric Supposer-Circles Grades 8-12 

This piece of software provides students with a flexible tool triat allows them to investigate 
the properties of a circle. After choosing a construction on a circle, students can easily 
change the scale and repeat the construction on new circles. 
$99-Apple ne/c/GS 64K, 

Tlie Geometric Supposer-Quadrilaterals Grades 8- 12 

Students can make any construction they wish on any quadrilatciul and the program record:> 
that construction as a procedure that can be executed on any other quadrilateral. The u^er 
can explore whether the consequences of a given construction on a given quadrilateral are 
dependent on some particular property of that quadrilateral or if the result can be 
generalized 

$99-Apple ne/c/GS 64K. 



The Geometric Supposer-Triangles G rades 6-12 

This piece of software allows the user to make any constru^tid on a triangle and records 
that construction as a procedure that can be executed with any type of triangle. 
$99-Apple He/c/GS 64K. 



r 
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Gentleware Corporation, 2509 Saginaw Trail, Maitland, FL 32751, 



Fomuila Vision Grades 5-12 

An easy-to-use spreadsheet, designed specifically for a low level introduction to the idea of 
a spreadsheet and its possible uses in working with formulas. There arc only 15 cells m 
this spreadsheet, which fills the Apple screen. Each cell has three categories: name, 
numerical unit, and unit of measure. The purchase price is for a classroom site license. 
$29-95-Apple n+/e/c. 



Wadsworth Electronic Publishing Co., 8 Davis Drive, Belmont, CA 94002* 

Algebra Arcade Gr ades 8-12 

A graphing program in game fortnat The object is to type in an equation that will hit as 
many of the "algebroids" as possible. The program keeps score. Various equations can be 
typed in. 

$49,95~Apple ne/+, IBM PC, Commodore 64, Atari 800. 
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SESSION 1: GRAPHING TO REPRESENT DATA 



4.1.1 Narrative Overview 

Most of the eight math sessions presented in this Notebook are designed so that participants 
spend about half of their time in a hands-on mode, with the remaining time spent in small group and 
whole group discussions. We emphasize allowing participantj> to "discover" key ideas. There is 
relatively little time devoted to formal lecture. ... 

This first session is unusual, because substantially less than half of the time is spent in a 
hands-on mode. Although it is desirable to include maximum hands-on time in each meeting, 
during the first session it is desirable to help the participants and staff get to know each other and 
introduce the overall philosophy of the CP model. . ^ . u / 

Each of the eight sessions presented in this part of the book is designed to be two hours (or 
more) in length. If sessions arc longer than two hours, the extra time in the first session can be 
used for additional hands-on activities. Several additional activities are suggest<;d. That is, each of 
the eight sessions described in this book contains more than enough materials for two hours 

In the fiiist session participants use the computer and MECC Graph, a very easy graphmg 
program that can be used to produce line, bar, and circle graphs. (Note: MECC Graph was 
selected because of its availability in the school district where the inservice was held, with copies 
provided to all participants under terms of the licensing agreement Other graphics software can 
serve the same purposes. Select software that is available to participants in their schools.) 

MECC Graph can be used from the elementary level through high school. Some high school 
math teachers may feel that this program is too simple and lim'.ted for their students. If this 
happens, you may want to discuss why it is desirable for teac'iers of more advanced courses to 
know what students arc learning in the more elementary courses. 

The OP model focuses on discovery-based learning, which occurs through participants 
discussing the activities as they work together (typically in pairs) on the computer or in debnefirg 3! 
the end of each hands-on activity. In debriefing, questions are encouraged and key ideas are 
"teased out." The inservice facilitator must have a clear idea of what key ideas are to be 
"discovered" by the participants. 

Sometimes participants wiU not make observations or ask questions that lead to the discover)' 
of key ideas. In such cases the inservice facilitator may need to ask leading questions. Some 
sample questions that can be raised to encourage discussion include: 

1. What grade levels might find this software appropriate? (Can ii be used in grade schoor' 
Is it too simple and limited for high school use?) 

2. If students entering the courses you teach already have a good working knowledge of this 
graphics software, how will it affect your courses? 

3. As computers ana graphics software become more readily available to students, how much 
"by-hand" graphing capabilities do you feel smdents should acquire? 

4. What types of math problems can be solved by use of this graphics software? (Start to 
explore the difference between being able to use a tool and being able to sohe problems 
using tlie tool.) 
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;{ ypu are havmg students use graphics software in your class, how might you handle the 
tesnng issue? (Do a probe to sec,if any of the participants hav; expeiiefce in Sg 
students access to computers dunng tests. You might make an analogy with the use of 
calculators There are now handheld calculators that can graph. ForSSe ^^To Veils a 
quite powerful graphing calculator for about $75.) ^ example, v.asio sells a 

cot?po^enS^ ' """^'^ of mathematical problem solving. It contains five 
1. Understand the (real world) problem. 

^' probfem ^ "'^^^ °^ P^^'^le"^ •'=0 now have a "pure" mathematics 

3. Solve the matlvjmatics problem. 

^' S^Sn^g'j^ll''""^^"''""''^'''"^^ that is, do a mathematical 

5. Compere the results with the original problem. Has the original pirblem been solved? 

This mathematical problem-solving model will be brought up in nearly every session The 
tiS S^^n^oTs^'ten"^^^^ Three than in the otiier stepf. But most JthemSTmic^on 
time IS also spent on Step Three. This is getting at the hea.t of how computers mipht affect 
mathematics wiucation. Mathematics education leaders are strongly supporfve^^^^^^^^ 
to mate use of calculators and computers to help do step three, a^d trspeXess um?tS n . 
students how to do this step using by-hand methods. ^na to spena , ess ume teaching 

Many mathematics educators support the idea of discovpry-based learainp Coraouters can h => 
."J^.n.^h'"f 7 to discovery-oriented instruc Jn. HowevTiche??^^rdways 
SZ^. ^ "^T^ °^ curriculum material that must be covered The ideaTf rpendbg 

matiieinatics class time teaching students to Mse computers further complicates the Sue Such 

cSsS TV L^^I ,^ *° cxerases wiU gain greater insight into using comou' i„ 
ch««^ u ^y approach to homework. We required particioants to fill n„t ina 
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4.1.2 Script 



For each of the eight sessions we provide both a detailed script and a timeline. We ^ugge^t ihai 
you study the script carefully. From it, develop your own timeline containing an outline of wha; 
you actually intend to cover in a session. (A script contains more detail than you need when 
actually facilitating an inservice session. Most facilitators would find it some>\hat Lonfu^ing to 
have such a detailai script in front of them when actually doing an inservice. But the detailed b^r.p: 
is a help in prep iring for an inservice session.) The next section of the notebooK contains a sample 
timeline used at one of the NSF inservice sessions. It was buil^ from the script that follows. 

Each script contains enough mat'Tials for substantially more than a two-hour inservice. Thub, 
the facilitator will need to select a subscw to present in the time available. (Most facilitators al^o aiII 
incorporate a number of their own ideas and materials.) 

The reader will note that this first script is much more detailed than later scripts. It ib :mponant 
to be considerably over-prepared for the first inservice session. Once the inservice series is off tu a 
good start, you will find that less detailed preparation is necessary. 



Theme 
Objectives 



Abbreviations 



Organizing data 

1. Give an overview of the inservice goals. 

2. Represent information in graph form using software. 

3. Compare line, bar, pie and pictograph representations. 

4. Graph real-world iiiformation. 

5. Identify the impact of equation graphers on the curriculum. 

Readers of this script and subsequent scripts should note the following 

abbreviations: 

(HO) Handout 

(LP) Lesson Plan 

(O V) Overhead Transparency/Slide 

(PA) Performance Aid (A "crib sheet" set of notes to aid a person m 

using a piece of software.) 
(WS) Worksheet 



Materials 



Software 

MECC Graph with 
Lucy Van Pelt File 
Super Plot 

Note: Ust of Super Plot 
may be delayed until the 
second session. 



Handouts 

(LP) Lucy Van Pelt 

(OV) MECC Graph 
(PA) MECC Graph 
(HO) Our Day Pie Graph 
(HO) Predict and Gnph 
(HO) Graph Probs 
Names and school" of all 
participants (to be prepared 
by presenter) 



Refreshments 



Resou rces Overhead projector 
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Setup 

before 
starting 

{PA) MECC Graph 



Prior to f ardcipants' arrival, load each computer with: 
MECC Graph 

♦ Select the bar graph 

• Use a file of data that represents how Lucy Van Pelt spends her time. 

You will want to create a Lucy Van Pelt file that seems suitable to the 
inservice situation. This is a file that can be graphed by MECC Graph and 
which contains data on how Lucy spends her 24 hour day. Suitable items 
might include Beauty (4 hours), Eating (2 hours),School (4 hours), TV 
(3 hours). Being Nasty (1 hour). Sleeping (8 hours), and Free Time (2 
hours). 

Have a large screen monitor or projecto: available for demonstrations. 



Start on time 



10 Minutes 
MECC Graph 



Overhead 



As participants arrive, give them name tr*gs, form them into pairs, and put 
them on computers. That is, as soon as two people arrive, get them 
Started on the computer. As more p le arrive, pair them up and get 
them started Make it cleai* that th. .rvice starts on time an^i that there 
is something useful to be doing as soon as one arrives. 

Everything begins on time with a hands-on activity. 

Participants work in pairs and follow instructions written on overhead or 

ill a handout 

Instructions: 



0V#1 MECC Graph 
or 

Blackboard 
or 

Handout 

(V understanding) 



Predict the bar graph and then: 

Pi-ess G for the graph 

Press Q to select a different graph 

Select Pie to see the Pie graph 

Press Q to select a different graph 

Select Line to see the representation in Line 

Leave the most appropriate representation on the screen. 

(This could be done on a worksheet, instead of using an overhead, along 

with discussion questions.) 



Discussion Pull the focus away from the computer to the presenter. This method of 

5 Minutes starting immediately will be modus operandi throughout the inservice 

series. Whole group discussion comparing the different representations. 

Determine which graphing form is most appropriate for this problem. 

Introductions Purpose: To introduce the inservice facilitators and give a litde 

30-40 Minutes infomiation about their backgrounds. Participant introductions. This 

should include name, school, grades/subjects taught, or administrative 

position. 



Overall presentation: 

• There will be a problem-solving theme in all of the sessions. 

• Steps in math problem-solving. (See the diagram in the Game of the 
Week). Note that relatively little school time is spent on modeling, 
unmodeling, and checking to see if the real world probiCm is solved. 

• Knowledge of math (computation) will not decrease because of 
computers, but the emphasis on computation should, with more time 
spent on modeUng. 



ERLC 
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Break 
10 Minutes 



Demonstration 

Lucy Van Pelt 
5 Minutes 



Refreshments. 

(It is all right to ^ ^ve beverages available for participants v,hen they first 
arrive at an inservice. But the main "goodies" should not be made 
available until the mid session break.) 

Purpose: Introduce editing. 

The file does not include an important part of Lucy's day— 

the amount of time spent crabbing. So, edit the file and add crabbiness. 

What happens to the total number of hours? Participants determine which 

hours arc changed Predict the percents on the pie graph before 

graphing. 



Activity 

(WS)Day in your life 
10 Minutes 



Purpose: Practice editing and predicting results. 

Fill in personal information on the worksheet and add that to the file on 
the computer. Do two pie graphs. Early finishers can also view the data 
in bar graph form or practice other ideas. 



Discussion 
5 Minutes 



Have participants think about the range of possibilities for using a piece of 
software like MECC Graph. What teachers do at one level affects 
teachers at other levels. 



Activity 

10 Minutes 
(Omit if time is 
a problem.) 



Purpose: Concrete kinesthetic graphing example, which bridges the 
more abstract computer graphing activities. Participants will form a bar 
graph (really a pictograph) using their own bodies, based upon eye color, 
from the bar graph have the participants form a pie graph. (Do not give 
instructions on how to do it, let them find a solution. Note: one way is 
for everyone with the same color eyes to hold hands and then all the 
colors form a circle.) 



Discussion 



What insights did they gain doing this versus using the computer? 
What other types of information could be graphed this way? 



Discuss three learning stages: 

1. Concrete 

2. Pictorial 

3. Abstract 

This concrete kinesthetic bridge activity can be u?::ci in the cl:«ssroom. 
The order of activdties in the inservice was done 'backwards (computer 
first) because of participants' skills. The computer is kinesthetic, 
touching the keys is sensory input, but most of the uiinking is abstract 
with some pictorial. Bridges must be developed and traversed between 
on-line and off-line activities. 



erJc 



Demonstration 

10 Minutes 
MECC Graph 
Newspaper Graphs 



Purpose: Ease of changing the scale of a graph. 

How the scale of a graph can affect the understanding of the informanon. 
Presenter will demonstrate a bar graph on MECC Graph. This graph can 
be ftx)m a newspaper article or one of the existing MECC graphs. Then 
change the scale on the graph. Increase the scale. What is the new 
impression of the graphed data? Discussion can revolve around the use of 
graphs to bias information presentations. 

r -1 
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Activity 



Purpose: Introduction to graphing equations. 



(HO) Equations 
SuperPlot 

(Omit if time is 
a problem.) 
10 Minutes 



V Understanding 



Participants use handout and predict the graphs of the equations. 
Presenter then demonstrates SuperPlot ^sing the fint graph on the 
wo±sheet. 

Say out loud the keystrokes Use the exact wonls necessary to obtain the 
graph. Use few, if any, odier words. 

Participants go and check their graphs by using SuperPlot at their 
machines. Record results in Column 2. 

Presenter goes down the list of equations and the participants graph the 
results in the air without looking at what they recorded from the computer. 



Activity Extension to using SuperPlot: Use (HO) Graph Probs. 

(HO) Graph Probs 
(Omit this section 
if time is a problent) 

Discussion This concre** approach allows the presenter to ch<:ck for understanding 

5 Minutes and introduces a new activity for the participants to use in their classes. 

(Omit if time is Discuss implications of using the computer as a graphing tool. Does this 

a problem.) change the order or the way in which concepts can be taught? (See 

NCTM reference on Inverted Curriculum.) How young should students 
understand graphs? Middle school teachers may feel that tliis has no effect 
on what they teach. It is important that they understanc. the tools that their 
students will be using in the future. This can affect the skills their 
students will need- 



Debrief Purpose: To debrief the last exercise and the overall first session. 

30-40 fvlinutec Discuss r^ie format of the session. 

Explain die sequence of future sessions. 

Prepare teachers for their roles in planning and sharing what they have 
learned with others in their school. 



Some possible questions/ideas for discussion. 

1. What did you enjoy most in today's session? 

2. What one idea will you take back to your school and try? 

3. What will you share? It does not have to be a computer idea, it could 
be a non-computer activir/. 

4. What did you gain from working in groups? How do you set up 
groups when you use computers with students? 

5. Which behavior or management techniques can work in your 
classrooms? 

6. Off-computer activities are as important as computer activities. How 
can you modify today's off-computer activities to use with your 
students? 

7. Wiien were a variety of auditory, visual and kinesthetic avenues used 
in today's session? 

8. Which ideas require specific computer knowledge, and which depend 
primarily on general knowledge math teachers already possess? 
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Game of 
the Week 



Project 



Look at three diffrrent courses (or three different parts of on course), and 
evaluate a unit to see how much time is spent teaching the vertical as 
opposed to the horizontal lines in our mathematical model which is in the 
Game of the Week (HO). 

Project reports will be presented during the last session. You will want to 
get participants started thinking about projects righ: away. You might 
indicate that: 

• The last session will be one in which individusJs or grc^ups present 
projects. 

• The ideas are left to the participants. 

• The projects may be for their own classroom. ^ j.g., planning a scope 
and sequence that can be used across grades* 'nservice 

ideas for *heir own staffs, etc.). 



Weekly Logs Logs are to be fflled out each week m order to help participants keep track 

of their own computer-related activities. Information to keep track of in 
Weekly Log might include: 

• Software used or previewed 

• Noncomputer activities used 

• Teachers with whom they have shared information 

• Project ideas 

• Questions to ask presenters. 

• Notes to self that one might want to save and review after the inservice 
is over. 



Closure If there is time, let teachers from each school form groups. Their task will 

be to begin to discuss what they can do to help people in their school. 
What are the needs at their school? How can information best be shared? 
This is not a time to complain, but a time to be pragmatic and look at how 
things can be improved Participants ma> wish to begin discussing 
project ideas that could involve the overall school math curriculum. 



Bye-Bye Make teachers a^vare of how much tiiey have covered in a short penod of 

time. 

Encourage them to incubate ideas. 
Thank them for their participation. 

The closure might also contain a brief preview of coming attractions. 



Think Ahead Remind participants to fill out their logs. Let tliem know where the next 

meeting will take place. Discuss who will provide refreshments, if 
refreshments are to be provided by the participants. 



Evaluation How well did the inservice go? 

(Indicators) At the end of each inservice session you will want to debrief the overall 

session along with any assistants. If you have worked alone, sit quiedy 
for a few minutes and debrief it by yourself. The following list can be 
used to help in the debriefing. We will not repeat this list; it can be used 
each time. 
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1. Did participants seem to have fun? 

2. Did each participant find one idea to take back and use? 

3. Did participants work in groups? 

4. How did the demonstrations go? 

5. Was the desired behavior modeled? 

6. How did the off-computer activities go? 

7. Did you vary the auditory, visual and kinestiietic input? 

8. Did you acknowledge tt-e valuable skills and knowledge participants 
brought to the inservice? 

9. Were you satisfied witii how well you did? 



ERLC 
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4.1.3 Timeline 



This is a sample timeline for a particular implementation of the twohour inservice described m 
the previous section. The general idea is that one first develops a detailed lesson plan such given 
in the previous section. Then one develops a simple and specific timeline such as is given here, and 
one uses it to do the actual presentations. Have computers loaded with MECC Graph and have the 
Lucy Van Pelt file on the disk for easy access. 



0:0Q»0:1 3 Hand out notebooks and the packet of handouts for this session as 

participants arrive. Get the participants on the computers in groups of two as 
soon as possible. Each person should have the Predict the Bar Graph sheet in 
their packet and should follow the instructions. 

0:13-^0:23 Discussion/debrief. Move participants off the computers and start 

discussing the first computer activity. Train participants to move from a 
computer activity to a discussion activity - for example, train them to turn off 
their computer monitors when told to do so. 

0:23-1 :05 Introductions. Facilitator(s) and participants should introduce themscK t^. 

[Note the handout with names and phone numbers (10-12 min.)] 

Overall presentation 

♦ Problem-solving theme 

♦ Mathematical modeling 

♦ Changes in the math curriculum (15-20 noin.) 

Format of this presentation and others 

♦ Outline of this session 

♦ A little different because of introductions. We will spend more time on 
the computers in future sessions. (5 min.) 

1:05-1:15 Break. 

1:15-1 :20 Demonstration of editing on large screen. Participants should verbally give 

changes and predictions. 

1 :20-1 :30 Fill in Day in Your Life worksheet, enter this data into the computer, and 

graph it. 

1 :30-1 :35 Discussion. What good is this? What do we expect students to learn from 

a piece of software like this? What can be graphed in this manner? 

1 :35-1 :45 Demonstration. Change the scale on a graph and see what happens. 

Should students be aware of the ability of people to skew graphs? Give some 
real life examples in class. 

1 :45-2:00 Closure. 

♦ Discuss format of the session again (more computer time in the future). 

♦ Explain sequence of sessions and where they will be held. 

♦ Prepare teachers for their roles in planning and sharing with others. 

♦ Explain Game of the Week and distribute the first game. 
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♦ Review the Log Sheet and remind them to fill them in, both for school 
and home use. 

♦ Remind participants that the last session will be project presentations and 
that additional school administrators will be mvited to attend. Inform 
facilitator what group you will be a part of. 

♦ Who will provide refreshments next session? 

Part of next wec'c's session ir*volves having "stations" at which participants can examine belect 
pieces of software. Each station will have a supervisor/demonstrator who is an inservice 
particTpanL Get four or five people to volunteer. Meet with them for a couple of minutes after the 
inservice session ends to explain what diey will do and to give each their piece of software to work 
with. 
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4«1.4 Handouts 



This section provides handouts needed by the participants during Session L The faLilitator 
may find it useful to make some of these into overhead projector foils for use during the inber\ice 
If you prepatie your overheads using a computer such as the Macintosh, we recommend that you 
use 18 point type. (Fourteen point may suffice if you are in a small room and have a good quilit> 
overheaa projector. Make some samples and try them out to see if they arc easily and clearl> 



Note that part of the next section on materials must also be in the hands of participants daring 
the session. Although the materials are designed primarily for use by secondary school students, 
we work through some of them during the inservice session to help illustrate the ideas being 
covered in this session. 
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Session Descriptions 



This handout contains a brief summary of the contents of each of the eight sessions of the 
inservice. 

Session 1: Graphing o Represent Data 

We will use MECC Graph on Apple computers and discuss line, bar and circle graphs of small 
sets of data- The issue of when and how to use a piece of software like this will be discussed. The 
general style or model for the remaining inservice sessions will be demonstrated and briefl> 
discussed 

Session 2: Graphing Equations 

Using MECC Graph, MECC Graph Primer, Algebra Arcade, Green Globs and Super Plot, we 
will discuss software that graphs equations and the uses of such software in the math curriculum. 
We will also look at a graphing program for the Macintosh called Cricket Graph. It provides an 
effective demonstration of the deference between xxlatively expensive software on a relati\el> 
expensive microcomputer versus relatively mexpensive and somewhat older software on a less 
expensive microcomputer. 

Sessions: Spreadsheets 

We will use Formula Vision and the spreadsheet on AppleWorks. Formula Vision is eas> tu 
learn and may be used in a wide variety of math classes. TTie spreadsheet in AppleWorks take: 
much longer to learn, and we will barely scratch the surface. Many teachers use spreadsheets i j 
keep their gradebook records, and spreadsheets can be used to solve a wide range of math, scit n..^, 
and business problems. 

Session 4: Problem Solving 

Altiiough problem solvLig is a theme that runs throughout the eight weeU of the inserv ice 
sessions, we also spend one session looking at software that is advertised as "problem solving 
software.'* We will use Mind Puzzles by MECC, Teasers by Tobbs, The Factory, Gertrudes 
Puzzles, High Wire Logic and Rocky's Boots. The basic issue is whether and/or how the use of 
such software improves students' problem-solving skills. 

Session 5: Databases 

We will use the database in AppleWorks to illustrate the power of ditabase software. We will 
learn to use Memo Pad, a simple database program made available to all teachers in the Eugene 4J 
school district. {Editor's Note: FrEdBase became available late in 1988, well after the inservice 
sessions described in tiiis Notebook were conducted FrEdBase is available from the California 
CUE organization or from ICCE. Once you obtam a copy, you are free to make additional copies 
for all of your students. It is an excellent piece of software to use in this type of inservice session.) 

Session 6: Geometry and Visualization 

We will use various pieces of software, including the Geometric Supposers series as well as 
Geometry for the Macintosh. We will examine The Factory and Super Factory for their possible 
value in improving a student's spacial visualization skills. (Research by a computer-in-education 
doctoral student at the University of Oregon provided evidence that use of The Factory coninbutes 
to improved scores on spacial visualization tests.) 

Session 7: Inverted Curriculum 

The current mathematics curriculum emphasizes students' development of good compuiaiiunai 
and symbol manipulatic. skills. But these are things that computers do well. The idea of an 
inverted curriculum supports spending more time on higher order skills (problem solv ing> ana Icbs 
time on lower order skills (computation and symbol manipulation). Students are provided vvnh 
calculators and computers to aid in calculation and symbol manipulation. 
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EqLiation solving provides an excellent exaniple. One can now purchase handheld calculaton> 
that hiive a SOLVE button. After the user keys in an equation (some can handle li'^.ear systems of 
equations) the equation can be solved by the calculator. During this session we will look at some of 
tlte software systems that aid in this part of problem solving, and we will discuss the long range 
implications of making such software an everyday part of the math curriculum. 

Session 8: Projects 

The final session will be devoted to project presentations. Participants may work individual!) 
or in small groups. A natural ^ouping niight be all participants fix)m one school or all partiu:pants 
teaching a similar course. W'^ will invite the distria computer coordinator and several school 
administrators to attend this ;^ssicn. 
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MECC Graph: Lucy Van Pelt 



This is a Perfonnance Aid. It is a detailed set of directions for accuinplishing a specific task 
with a particular piece of software. 



1 . Insert the MECC Graph disk in the drive. Qose the drive door. 

2. If the computer is off, turn ii on. If the computer is already on, hold down the Open-.\pplt: 
and Control keys, and press the Reset key (this is called a warm start). When you 
release these keys, the disk drive should start and the program will load (If it da .n't work, 
repeat this step.) 

3. When the disk drive goes off, press the Space Bar and read the description of the pro-am 
on the screen. Then press the Space Bar again, ^jid read the menu (% set of options) on the 
screen.. 

4. Choose item 1 (Graph Name/Number Data) by pressing 1, dien press the Return ke>* 

5. The screen now dis'ilays samples of bar, line, and pie graphs, and a menu that allows you to 
spct^ify what type of graph you want to have the computer do for you. Select Pie Graph b> 
pushing the 3 key and then the Return key. 

6. The LEGEND screen now asks you if "Do you want to use data stored on the diskene?" T>pe 
Y (for yes) and then the Return key. 

7- The next screen begins with the directions "Select a data name." There will be one or more 
files named, and one of them will be LUCY VAN PELT. If it is already highlighted (black on 
white instead of white on black) then press the Right Arrow key and then the Return ke>. 
If it is not already highlighted, press the D (for down) or the U (for up) key an appropriate 
number of tinaes to highlight the LUCY VAN PELT file name. Then press the Right Arrow 
and then the Return keys. 

8. Now the screen display will show son::e data about A DAY IN THE LIFE OF LUCY VAN 
PELT. Answer N (for no) and press the Return key in response to the question "Do you 
want help entering labels for your graph?" 

9. Notice the menu at the bottom of the screen. Select the graph option by pushing the G ke> . 

10. Notice that the computei' now draws a pie graoh of the LL CY VAN PEL'^ data. Die graph 
shows the ^'Crcent of the data that is spent in each of several different activities. At the bonom 
of the display is a menu. 

11. Now feel free to experiment. For example, you might want to start over at step 2 of these 
instructions, but trv different options. You might want to see what the LUCY VAN P^^LT 
data looks like when presented in the form of a bar or line graph. 
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(Alternate) MECC Graph: Lucy Van Pelt 



Note I: This is an alternative format for the MECC Graph Pie Graph Training Instruction 
Performance nid It has been designed to better fit the needs of younger students. Notice tluu lix 
reading !*vel has been lowered and the key strokes to be performed have been more c!eail> 
identified This PA contains more detail than the PA designed for teachers. This PA would be c\ci 
better if it contained pictun .howing what the screen is suppc^sed to look like after each major sicp 

Note 2: Writing really good Performance Aids is quite difficult Usually it involves a tnai and 
error process. One write the best PA they can, and then tries it out with the intended audience. 
Some members of the intended audience will not be able to follow the instructions. This wl! most 
likely suggest that some revisions arc necessary. This cycle of writing, testing, and rcwnu::^ 
need to be repeated a number of times before a satisfactory PA is produced. 

1 . Take the MECC Graph disk out of the disk jacket 

2. Keep your thumb on the label. 

Insert the MECC Graph disk in the disk drive with the label up. 

3. Close the disk drive door. 

4. If the com.puter is off, turn it on. 

• Turn on the monitor. The switch is usually on the front or the top. 

• Turn on the computer. The switch is on your left on the back of the computer. 

If the computer is already on. 

Hold down the Open-Apple and Control keys at the same time. 
Continue to hold down these two keys. 
Press the Reset key. 

Release these keys. The disk drive should start . 
If nothing happens, repeat this step. 

5. When the red light on the disk drive goes off, the program is loaded. 
You see a screen that identifies ihe program. 

You see the instruction "Press th^ Space Bar to continue" 

Press the Space Bar now. 

6. Read the description of the program on the screen. 
You see an instruction to press the Space Bar again. 

Press the Space Bar now. 

7. You see a menu on the screen (A menu is a set of choices.) 

8. You are to begin with choice number 1, Graph Name/Number Data 

Press the number 1. 
Press the Return key. 

9. Y( jr screen shows samples of bar, line, and pie graphs. 
There is a rf<enu at the bottom of the screen 

You are to stan with choice number 3, Pie Graph. 
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Press the number 3. 
Press the Return key. 

10. Your screen now contains four columrib oi horizontal lines. 
The word LEGEND appears at the top on the left. 

At the bottom, you see "Do you want to use data stored on the diskette?" 

Press the Y key. 
Press the Return key. 

11. You sec a screen that begins with "Select a data name." 
You sec a list of one or more files. 

One of the files is called LUCY VAN PELT. 

(If LUCY VAN PELT is not on your list, ask for help.) 

12. You can use the U (for Up) and D (for Down keys) to highlight the names m the list. 

Press U and D several times. 
Notice that the names are highlighted as you mo^^e your cursor. 

13. Now you arc to choose LUCY VAN PELT. 

Highlight LUCY VAN PELT (use U and/or D) 
Press the Right Arrow key. 

This selects the LUCY VAN PELT file. 

Press the Return key. 

This gets the LUCY VAN PELT file. 

14. The screen contains . . me data entitled A DAY IN THE LIFE OF LUCY VAN PELT. 
You see the question "Do you want help entering labels for your graph?" 

Press the N key. 
Press the Return key. 



15. You see a nxnu at the bottom of the page. 

You arc going to graph the data you sec on the screen. 

Press the G key. 

The computer now draws a pie graph of the LUCY VAN PELT data. 

The graph shows the percent of the data that is spent in each of several dif fereni activities. 

16. You see a menu.at the bottom of the screen. 

Now you should experiment Here are some ideas: 

• Stan over at Step 9 of tiie above instructions, but try differeni ptions. 

• Find out Vrhat the LUCY VAN PELT data looks like when presc.. 1 in the form of a b 
or line graph. 
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Creating MECC Graph Diskette Files 



(Note: This is an example of a Performance Aid. It is a detailed set of directions, rather like 
recipe Jor accomplishing a specific task with a particular piece of software.] 

Getting started: 



Load MECC Graph. 

Select 1 fix)m the Main Menu. 

Make selection from the Graph Menu: 

1. Bar 2. Line 3. Pie 

Answer N to tlie question: Do you want help? 

Answer Y and the program will aid you. For now, try N. 



Creating your own file: (These instructions are for a line graph.) 



Type your Graph Title: A Day in the Life of your name 

Type your X-axis label: Activities 
Type your Y-axis label: Hours 

Type up to three names: Your name Partners name 

Type in legends: Sleep 

Eat 

Play 

Etc. 



To type in data under the correct columns: 

Press G to see if it looks appropriate. 

If not, press C and make changes. 

Press S for save and then Y for yes and give the data a title. 
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Game of the Week 



The diagram given below suggests four major aspects or components of ubing mathemaUcb to 
solve real world problems. One starts in the upper left comer with a real world problem that might 
be solvable through the use of mathematics. One then follows the arrows from box to box. 
Acco*. . shing the tasks suggested by the four arrows requires varying levels and t>'peb of btudeni 
mathematical knowledge and skills. But math courses vary consiJe'^bly in how much emphasis is 
placed on each of these four components. This issue becomes particularly important as it becomes 
clearer and clearer that computers can make a major contribution to "Solve the Math Problem. ' 
Indeed, once humans have figured out how to solve a particular category of math problem, there is 
a good chance that a computer program can be written to solve the problem. On the other hand, 
computers appear to be of much less use in performing the other three general tasks in soKing real 
world math problems. 



Real 

World 

Problem 



Math 



Modeling 



Decide if Original 
Problem is Solved 



Real 

World 

Results 



Math 



Unmodeling 



^Piire" 

Mdth 

Problem 



Solve the 
Math Prob. 



Solved 
"Pure" Math 
Problem 



Game of the Week: Examine three different math courses you teach (or three different parts of 
one math course). For each, estimate the percentage of the course devoted to havi.ig students learr. 
to "Solve the Math Problem" versus the percentage of time cn the other three components. Wriie a 
brief report on what you find and your conclusions. 

Generalizing the math problem-solving diagram: The ideas in the math problem boKm^ 
diagram can be generalized to most human problem- sdving efforts. Each diijcipline has developed 
notation and vocabulary for describing/representing the problems of the discipline, and for 
representing methods to solve problems.. Each discipline has an accumulated pool of knowledge ot 
what problems are solvable, and how to solve them. Thus, if we select any discipline, we can 
substitute its name for the word "math'* in the above diagram. 

Still more generally, we can think of the memories stored in our brain as being patterns available for 
use in problem sol* ing. We encounter a real world problem situation and we work to match it 
against a stored pattern. If we find an acceptable match, we than apply solution prcxedures that vve 
have used previously. We then interpret the results in light of the original problem :iituation. and 
then check to see if the problem situation has been resolved. 

For Extra Credit: Think about the previous two paragraphs. Write a shun paper which i,s a 
critical analysis of these ideas. 
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Game of the Week Outcomes 



[Note: This is not intended as a liandouU Rather, it is a brief discussion to give the imer\ i^e 
facilitator some ideas on what outcomes may be expected from the Game of the Week.} 

This first Game of the Week helps set a particular tone for the entire inservice. It is a task 
that all inservice participants can accomplish, and it gives insight into our mathematicb education 
system. Typically, teachers will report that about 70% to 80% of the time in the math courses ihe\ 
teach is spent on the topic of "Solve the Math Problem." They indicate some desire to spend more 
time in the other areas, perhaps doing "problem solving." To the typical secondary school math 
teacher, problem solving in tfiis case tends to mean dealing with word problemb. How "re.»l world 
such word problems are is not clear. 

Secondary school math teachers arc aware of calculators. They understand the is>ue of 
learning tc- do pencil and paper computations versus learning to do calculations mentally or with a 
calculator. However, few secondary school math teachers have internalized the idea that the 
calculator analogy holds for much of what they teach. That is, much of what students are learning 
in secondary school mathematics courses is of a computational or symbol manipulation nature, and 
computers are quite good at such tasks. 

The inservice facilitator should be aware that erriphasis on lower order skills occurs throughout 
the curriculum not just in math. Benjamin Bloom is known for developing BIoom s Taxj iom>, 
which gives a scale of lowerorder to higher-order cognitive skills. The latter group, includes 
analysis, synthesis, and evaluation, and arc sometimes called problem solv ing. Bloom estimates 
that perhaps 95Jc of the questions on teacher-constructed tests focus on lower-order skills. Taat is, 
even though educational leaders stress the Importance of higher-order skills, it is the lower-orc'er 
skills that dominate in the curricula developed and taught by most teachers. 
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Participant Log Sheet 



One purpose of the inservice is to increase participant awareness of their use of computer^ and 
to encourage their increased and effective use. The Participant Log Sheet helps do this. Have 
participants fill out a log sheet each week. Encourage them to make entries at the end of each da> 
rather than in the few minutes just before an inservice session begins. Collect the logs each 
session. Read them and make use of their content in planning and conducting the next inserv i^e 
session. A sample Log Sheet is given below. You may want to modify it to fit your specific needs. 



Naire Date 



Participant Log Sheet 

Please use this form to record all of your computer-related activities, both at school and at 
home. Please set aside a couple of minutes at the end of each day to write in your entries. Be 
honest It is quite appropriate to write NONE for days (indeed, for a whole week) if no u^e was 
made of computers. 

Monday 



Tuesday 



Wednesday 



Thursday 



Friday 



Weekend 



Notes and Additional Comments: 
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4.1.5 Student Materials 



These sample lesson plans are designed for use with students at a variety of grade levels. Tne\ 
exemplify ^Jie types of activities that can be done with students after inservice participants have 
learned the material in Session 1. There are many ways to organize and present a lesson plan. The 
examples given here can be adapted to a variety of instructional settings. 

Oat type of homework assignment that may be given in an inservice of the t> pe described in 
this Notebook is to have participants develop lesson plans. These lesson plans may be ..bared 
among participants as well as with their colleagues. It is helpful if all participants follow a commuii 
format (such as illustrated in these materials) when developing lesson plans to be shared. 

Inservice facilitators will want to use some of these materials during the inservice session, u 
the session is more than two hours in length, it is appropriate .o have participants work through a 
number of these student activiti-js. 



Index to Materials Page 

(LP) Day in the Life of Lucy Van Peh 2 

(LP) Our Day Pie Graph 3 

(LP) Interpreting Graphs 6 

(LP) Pie Charting Lesson for Our Oregon 1 

Graphing Ideas from the Real World 8 
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Dyy la the Life of Lucy Van Pelt 



Description: 



Materials: 



Pie Griph introduction 
Grades 5-9 

12 inin. per pair of smdents 



1 MECC Graph diskette/computer 
Apple computer w/lg monitor 
(from 1-12 computers) 



Stuc^^nts will use the pie graph to solve some percent problems. This can be an inroduction 
for percents at the fifth grade level or revie\\ in genera:, math. An alternative to using one computer 
per pair of students is to use a single computer with a la^ge screen display for the whole class. 

Before you start: 

Set up equipment OR sign up for computer lab. Create a Lucy Van Pelt file that includes ame 
spent complaining or crabbing, time spent watching TV, time spent operating her "5^/consultdtion 
business," etc. Select ways of using time that will amuse your students, and selet , .lumlcrs of 
hours so tliat the percentages of the day spent on various activities will be reasonably nice numbers. 



1. Use the Lucy Van Pelt file on MECC Graph, with each pair of students running the 
program. 

2. Have students determine the 'dumber of hours and the percentage of the day that Lucy 
spends on complaining/cr >ing, on sleeping, on watching TV, etc. 

3. How many hours a day does she operate her 50/consultation business? Does this meet the 
standard of 25% of the average working day to qualify her for small business support? 

4. Suppose that Lucy adif . four hours a day to her TV watching time, and subtracts an hour 
off of each of four other activities. How much does this increase the percentage of the da> 
spent on watching TV, and how much does it decrease the percentage of the day sper.t on 
the other activities? 

5. Have students estimate their own time bi.^akd'^wn in percentages and present it as a pie 
graph. Does it make a difference if they choo^ j a Monday or a Saturday? Decide w hich 
day of the week will be analyzed and assign the activity. 



A day is divided into 24 hours. It is quite convenient to talk about certain fractions of a day, 
such as 1/2 day or 1/4 day. And, as you loiow, these lead to "nice" percentages. But people often 
talk about an hour or two hours. These arc not nearly such nice percentages of a day. Have vour 
students think about when is it n^ost convenient and appropriate to talk ab^ut pe. ^^entages as 
contrasted with just giving the actual quantities (25% of a day versus 6 hours)? 



Lesson: 



Follow-up: 



Students look through newspapers, magazines, and books to find pie graphs. 
Students predict a pie graph for another day in the week and then check it on the 
computer. 

Students create naph for a pet 

Students create a pic graph for one aault ih their world. 



Comments: 
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Our Day Pie Graph 



Description: 



Materials: 



Topic: Pie Graph introduction 
Grade level: 3-5 (or older remedial) 
Time: 12 min. per pair of students 



Software: MECC Graph 
Equipment: Apple computer w/lg monitor 
(from 1-12 computers]' 



Students v^ill display the time allocation in their day in a pie graph. They will then compare pie 
graphs. Inis can be an introduction for percents at the fifth grade level. 

Before you start: 

1 , Set up equipment OR sign up for compm^^r lab. 

2. Copy worksheets (on next two page). One worksheet is for writing down initial data 
(students can do two different days they I'ke), and the other is for drawing a picture of 
the circle graph produced by the computer. (This assumes that printers are not readily 
Available.) For more advanced students, instead one can have students first sketch whai 
they expect the circle graph will look like, using this second worksheet, and then do the 
graph on the computer. 



Have one person in the room volunteer to gc through the su;pb of setting up a pie graph on 
how they spend the hours in a day. 

1. Do the hours add up to 24? 

2. Does it make a difference.if they choose a Monday or a Saturday? 

3. Decide which day of liie week will be analyzed and assign the activity. 

4. Before the students use the computer. 

• They are assigned partners. 

• rhey fill in the worksheet on how they spend theii- time. 

• The total is 24 hours. 



• Students look through newspapers, magazines, etc., to find pie graphs. 

• Students predict a pie graph for another day in their week and then 
check it on the computer. 

• Students create a pie graph for a pet 

• Students create a pie graph for one adult in their world. 



Lesson: 



5. 
6. 
7. 



The students use the computer and enter the data for each. 

The students record their pie graph on the worksheet. 

The students color in the different ways they spend their days. 



Follow-up: 
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Our Day Pie Graph 



Naroe 



Name 



ERJC 



Js Graph In one day, how many hours do you: 

sleep 
eat 
play 
watch 

go to school 



Tota] 



Js Graph In one day, how many hours do you: 

' sleep 

eat 

I play 

watch TV 
go to school 



Total 
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Name 



*s Graph 



Name 



*s Graph 



Questions: 

L Did you want to draw the pie graph by yourself or would you rather have the computer draw 
it? 



2. Do ycu think using the computer will help you learn what a pie graph means? 
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Interpreting Graphs 



Description: 

Topic: Interpreting Graphs 
Representations 
Grade Level: 7-10 
Time: 12-15 min. 

Grouping: Whole Group Demonstration 

OR 3 students/group 
Objectives: 

1. Interpret results 

2. Identifying real-world situations 

Before you start: 

1. 
2. 

Lesson: ^Sequence of instructional activities) 



Materials: 

Software: Interpreting Graphs 

by Conduit or Sunburst 
Equipment: Apple II w/monitor 
Other materials: Graph paper for notes (optional) 



Run the program to get a feel for the kin J of graphs being posed. 
Collect real-world graphs fix)m public sources and textbooks. 



1. Students select L Relating Graphs to Events from the Main Index. 

2. Have students keep track of tiie different graphic representations as they learn them. 

3. Have students graph the ups and downs of riding in a car or bus fire home to school. 

4. What does the graph of their weekly allowance look like? 

Follow-up: 

• Students gather graphs from outside sources and write a few lines explaining what the 
shape of the curve means. 

• Writing Activity-Give a graph to the whole class (with or without the units on the 
vertical, horizontal, or botii axes) and have each student write a story around the 
events represented in the graph. 

• Have students close their eyes and graph different slopes in the air as you tell a stor>', 
or a diagram as yea travel in an imaginary or real land. 

Comments: 

A major gcal is to get students to visualize what a graph will look like before they acaially have 
the computer draw the graph. Tracing graphs in the air and on computer screens helps studerts to 
remember some of the graphing concepts being illustrated. 
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Pie Chi ''.ig Lesson for Owr Oregon 



Description: Materials; 

Topic: Creating pie charts with software. ^ware: MECC Graph. 

Grade level: 4-10 Lquipment: One Apple //per two students. 

Time: Flexible-30 to 50 min. 

Grouping: Students work In pairs. Oa occasion, two pairs of students will need to be able to view 
one another's computer screens. 

Objectives: 

1. Students will create pie charts from data in the Our Oregon textbook, then modify the data 
and leport the effects on the charts. (Editor's Note: Our Ore^a/z is atypical elementar> 
school social studies textbook. This particular lesson plan was first developed for use with 
students in the upper elementary school grades.) 

2. Students will create new data sets and use them to create new pie charts. 

Before you start: 

1. Obtain sufficient copies of MECC Graph. 

2. Prepare sample data files based on content sirrilar to that of Reading a Pie Graph (p. 56; 
and Skills Practice (pp. 80-51) in Our Oregor (Note: the >/IECC Graph disk prepared for 
CP training has a data set that is related to the content of page 56.) 



Lesson: 

1. Have students load MECC Graph and the sample data file for page 56. Guide studentb 
through menu choices to create a pie graph of the data. Review questions 1-4 on p. 56. 

2. HaVw students create a data table for the 1993 crop year. Instruct them to make changeb n 
the balcjice of fami product values that reflect current trends; for example, the fact that 
Americans arc eating less red meat and more poultr>' and vegetables. 

3. Use tlie students* projected charts to discuss the following issues: 

a. If the price of a particular kind of food drops, what actions might farmers take? 

b. Can some crops simply be substituted for others? If farmers decide to grow different 
crops, what must they do ^o change crops? How far ahead must they plan? 

c. Suppose that exactly the same amount of each crop was gruA^n in 1993 as was grown 
in 1983. Might the charts look the same or different? Why? 

Follow-up: 

With a different data set, a similar lesson can be done for Skills Practice oi. pp. 80-8 1. 
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Graphing Ideas from the Real World 



This section contains a number of ideas and sources for graphing real world data using 
computer graphics. Encourage your sU'dents to look for additional sources of data graph, a^k ihem 
to bring examples to class. 

Math 

Estimations (as early as preschool) then graph; 

Making predictions based on initial information gathered; 

Statistical surveys finom any subject area; 

Metric (or English) measurements of the body, small objects, large areas; 
Equations, functions, relations; and 
Time needed to accomplish varioas tasks. 

Science 

Sizes of the planets, density, distance from Earth, atmospheric composition; 

Temperature, humidity, rainfall over time, overcast-amount of sun- visibility; 

Growth of plant or animal under different experimental conditions; 

Distance, velocit)*, acceleration; 

Falling objects, [gravity, wind resistance; and 

Animal populations, growth and decline rates. 

Health 

Vitamins, minerals, or other composition comparisons; 
Calories versus weight for various foods; 

Fast food nutritional information, saturated versus unsaturated fats, and 
Heart rate over time, varying according to activity. 

SflVjial Studies 

Size comparisons for cities, or states^ or countries' or their growth rates; 
Size composition (farm land, mountains, lakes, etc.); 

Population composition (cities, rurai areas, small towns, etc.) or (percent literate vcn>us 
decade) or ethnic backgrounds; 

Economic growth (crops or mining or shipping or roads), (industrial, farming, serv ices ), 
Buying power or cost of living comparisons versus different areas or different times, and 
Projected growth rates 

Language Arts 

Tell a story (on MECC Graph Primer); 
Number frequency in ciphering codes; and 
Number of books read by differe . classes. 

PhysJcal Education 

Scores versus time on specific field and track events. 
Number of push-uT)s one can do on a sequence of days. 
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4.1.6 Readings 



The Readings sections of this Notebook are designed to supplement the maieriah presented 
during the inservice sessions. It is appropriate to assign these readings as homework for reading b 
inservice participants. 

For the first session, it would be appropriate to make copies of 2.1 Overview of Cumputen m 
Education and 2.2 Roles oj S'omputers in Problem Solving, and give them out to participantb. 

One goal in an inservice such as this is to encourage participants to read the literature. All mail 
teachers should be aware of the publications of the NCTM. Nearly every issue of the AritkmetiL 
Teacher and of the Maihemancs Teacher contains computer K)riented articles, book reviews, and 
software reviews that are suitable reading material for this inservice. Tfie Computing TeuLher 
carries a regular column on "oles of computers in math education. 
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SESSION 2: GRAPHING EQUATIONS 



42A Narrative Overview 



This session is a natural cond luation of the fint session (Graphing to Represent Dau) and dl:^^ 
an introduction to graphing of cquadons. Although MECC Graph is relatively easy to learn and 
use piece of software, few math teachers master it in one session. Thus, we begin the second 
session widi more practice in using this piece of software. Our goal is for par" :ipants to experience 
scccess and begin to build confidence in using a computer to help solve math problemb. Certain 
features of MECC Graph that were not introduced last session, such as how to prinr ou: a giapn, 
are introduced in this session. 

In this type of inservice, an appropriate balance must be achieved between mastery in a few 
pieces of software and exposure to a large number of pieces of software. It is tempting to introduce 
participants to a very large number of pieces of software, giving them a shopping list from which i' ^ 
pick and chose what they will use. However, we recommend that you instead select a modcbt 
number of pieces of software and give participants a more in-dtpth opportunity to expeiience d^c ul 
these pieces of software. (Vivian Johnson's Ph.D. dissertation work, which was a long term 
foUowup of this NSF project, suggests that most computer using teachers use only a ver> small 
number of pieces of software, perhaps two to four pieces, in their instructional work.) We have 
tried to help participants achieve a reasonable level of mastery for some software^ while exposing 
them to a variety of other software Participants are given opportunities to work funher with 
software that fit their particular nt : and interests. 

Session 2 focuses on using a jiputer to graph functions. Many math problems can be belter 
understood via a graphical representation. Moreover, graphics can be uj>ed lO solve or help bol 
wide range of problems. But the by-hand graphing of functions (even in two dimensions, ancl 
certainly in three dimensions) is a very time-consuming process. Many problems can be solved b\ 
graphical techniques. Using a computer, one can use guess and check, and trial and error, two 
approaches that take advantage of visual skills and the power of computers. 

There is much more to integrating the computer as tool into the curriculun than just learning 
how to use specific software programs. In this session participants create a graph on MECC Grupi 
and think about and discuss possible applications of the tool. If students are allowed to use the 
computers to draw graphs, will they understand the ideas involved in graphing any better? Can 
students extricate information from graphs or predict what a graph will look like if they don t openu 
time drawing them by hand? Does the visualization of a graph at the time of thinking about the 
problem help students to understand of the problem? Will students jnderstand what causes a 
straight line to be graphed, as opposed to a curved line? Can they transfer pictorial informjnon iniu 
mathematical generalizations? 

One of the activities in this session is an off -computer activity in which participants are asked U; 
create stories to fit some graphs. This is a n^w experience for many math teachers and for iheir 
students, i. focu^>es on the link between graphing data and dealing with real world problems. 
Some math teachers encourage their students to talk to each other about the math tliey are siud>iii^ 
and to work together in problem-solving situations. Computers can be used as a focus of attention 
to increase the development of verbally-oriented mathematical skills, hi one activity, panicipant^ 
generate data and then graph it A team approach is used again, to model students working together 
to solve math problems. 

Phe last half of this session allows participa/i»*s to examine a variety of pieces of 
equation-graphi.ig software using a Workstation approach. Each workstaric*i is staffed b> 
participant (volunteers from the last session) who have had the opportunity during the week to 
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develop some skill in using their particular piece of software. There is time foi participants to \ u..: 
two or three workstations. If there are adequate copies Of the i>oftw.ire, a workstation mav have 
several machines, allowing for simultaneous demonstration *ind hands-on activities. 

The use of workstations in this inservice session can be duplicated in a secondai> school 
classroom. That is, students can be given the task of mastering a piece of software and then being a 
facilitator at a workstation where other students leam to use the software. The idea of ha\ ing 
students leam to help otiier students is powerful and useful. 

Keep in mind these questions as this inservice session on graphics continues. Will thrse 
prograins help students to understand an equation? Will usmg a particular piece of software allo>v 
more time to be spent on higher-order skills (problem solving) and less time spend on lower order 
skills (computation and symbol manipulation)? Will students make use of the softw are if it is made 
available ^o them? Will transfer of knowledge occur fix)m a graph to a mathematical sentence anu 
vice-versa? Will students transfer their math class knowledge of usmg a graphics package to their 
other courses? Will graphing software help students to predict, since thev will not actually draw it. \ 
graph by hand? How much change in the curriculum would it take to integrate use of computer 
graphics as a roi\ jie tool? Can most teachers cope wdth this change? Car they use this in their 
curriciJum without too much difficulty? 

Graphing seems to be the one area of mathematics in which nearly all teacheri seem to accept 
computers. Many teachers ahieady use computers in this pan of the curriculum. Use tesamomals 
whenever possible to encourage those who still have not used computer graphics in their teaching to 
try it. 

In doing tiiis session, be awane that handheld, battery powered calculators with quite gooi' 
graphics capabilities are available in the $60-$75 range (1988 dollars). * The cost of a classroon* set 
of such calculators may well be widiin the budget of a secondary school. 
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4.2.2 Script 



Theme 
Objectives 



Materials 



Refreshments 



Graphing activities for the classroom 

1 . Interpreting graphs. 

2. Using graph packages as a teacher tool. 

3. Impact of visual versus numeric representation of 
information. 

4. Impact of equation graphers and plotters on the 
curriculum. 



Software 

MECC Graph Primer 
MECC Graph 
MECC Graphing 
Super Plot 
Algebra Arcade 
Green Globs 

& Graphing Equations 



Handouts 

Tell a Story (MECC Graphs) 
(LP) Catch a Big Fish 
Fishes Article from TCT 
(HO) Fishing for Statistics 
(HO) Creating MECC Graph Files 
(HO) MECC Graph Prints Pics 
(HO) Software Evaluation Form 
(HO) Software Krib Sheets 
(LP) Parallel and Perpendicular Lines 
(LP) Simple Samples 
(LP) Population Comparison 
(LP) General LP for Simple Samples 

Other (LP) Sizing Up Our World 

1 celery stick (==5 in. long) MECC Graph Loading Instructions 

1 choc, chip cookie per part Reprint of Statistical Sampling of 

1 printer (if possible) Fish Populations 

To be provided by participants from the school site where the inservicq is 
being held. {Editor's Note: The math inservices rotated am^ong the 
schools of the participants. The host school was responsible for the 
refreshments. This cleveloped into a competition, with each school trying 
to out do the previous school in terms of quality of refreshments. This 
added a delightful new dimension to being in the inservice business.) 



Purpose: Experience graphing from a different perspective. 

As participants arrive they receive a handout of a graph that has been 
printed off of MECC Graph Primer. Participants interpret the graph by 
telling a story. There should be tiiree or four different graphs, so not all 
participants receive the same graph, but there is substantial duplication.. 

8 Minutes Discuss the stories and compare those of participants who received the 

same graph. Are they the same? Why was this activity given? Where 
does it fit in with what is now being taught? Before learning to set up 
graphs? During? After? Is this idea in die present curriculum? Does it 
belong tiieni? 



Introduction 
5 Minutes 
(3-4 Handouts) 
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Activity 

25 Minutes 
(MECC Craph 
Fishes and Lakes) 



Debrief 

5 Minutes 

Demons^ation 
3 Minutes 
(MECC Graph 
printouts) 



Purpose: To experience the entire information cycle; that is, 
gathering, organizing, representing, analyzing, and editing. Tnis acti\it\ 
is rich enough to be used across the K-] 2 curriculum. 

Note: For details and a full explanation of the activity see the reprint of 
The Computing Teacher article. Statistical Sampling of Fish Popidanor^, 
in the Handouts section. The article presents acti\dties for various grade 
levels. Decide the level that best fits your participants. The activity as 
explained in the article is a good on;; for inservices. 

Discuss the activity. What did participants learn? Discuss other 
mathematical activities, on or off the computer, that involve sampling. 

Show examples of MECC Graph printouts. Discuss their uses with 
students, including the speed of obtaining graphs and their use as a quick 
way for teachers to produce graphs for overheads, worksheets, or tests. 



Break 

10 Minutes 



Participants can print out their own graphs at this time. 
Collect logs. 



Debrief 

10 Minutes 



Debrief Game of the Week. Have participants share their ideas. 



Activity 
30 Minutes 



Participants have three choices: 

1 . Explore the graphing programs: Algebra Arcade, Super Plot, 
Graphing Equations (Green Globs), and i\iECC Graphing (graphing 
points, first quadrant graphing) 

2. Work with MECC Graph. Develop and practice ideas for the 
classroom. 

3. "WoAvAiti MECC Graph Primer. 



Closure 
10-15 Minutes 



Game of 
the Week 



The time allocated ^^pends upon how lo^*" 'he previous activity is 
effective. 

Here are some options: 

1- Debrief the above exploratory activity. What uses can participants 
identify? In what other subjects besides math might these tools be 
useftil? 

2. Have participants torm groi'ps by school. Disc jss ways of using and 
sharing what they have learned with others in their school. 

3. Thjik of praject ideas. Break into smaller groups or work 
individually. Teachers from different schools teaching the same 
subjects may want to discuss ideas or work together. 

4. Set time and place of next meeting. 

Now that you have seen the software available, where in your curriculum 

would it rnake the least difference? the mosi? 

or 

Ask your students: Now that computers are available, what do they think 
should change in terms of how matn is taught and what they are expected 
to ':am? Ask at least two different levels of math students. 



ERLC 
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4.23 Tiroeline 



This sample timeline was built from the scnpt given in the previous section. E^^h participant 
was given a copy of the MECC Graph software. In the first hands-on exercise, each group wa^ 
responsible for loading the software to see that it bootf.d correctly. 



0:00*0:05 As participa*... rive, give them the handouts and a^k them to make up a stor> 

about the graph on the first page. They can write it on the bottom of the page. 

0:05-0:1 3 Debrief. Let a few iple tell their stories. Why is this activity being done? 

Is it an impnrtant concept? 



C:1 3 0:40 Activ^' ^ L MECC Graph with Fishes/Lake. Participants should be in grou-^ ; 

of 4. Have thera read the article Statistical Sampling ofFisk Population an. 
do the activity. Each group should graph it^ ^ndings using MECC Graph and 
leave it on the computer screen when finished (Note: Make sure that each 
group has booted off the copies of MECC Graph., 

0:40-^:50 Debrief. What did they le^im? Can they think of an> jther math activities that 

use sampling? 



0:5&O:55 Demonstration. Show examples of MECC Graph pnritoats and show them 

how to do it If there are enough printers, have each participant prim out a 
graph. If participants wish, they may print out a graph during the break. 

0:55-1 :05 Break. Collect logs and load up the following software on different machines. 

(Each person running a woikstation can load their own software.) 

• Leave one machine loaded witii MECC Graph and attached to a printer 

• MECC Groak Primer 

• MECC Graphing 

• Algebra Arcade 

• Super Plot 

• Graphing Equations \ Green Globs) 



1 :05-1 :1 5 Get group together and debrief Game of the Week. After the discussion, 

introduce the * experts'* for each workstation. Tell the participants they may 
visr two stations for 15 minutes each. Describe the pieces of software and the 
location of each. Have a short performance aid sheet available for each 
station. 

1 :1 5-1 :45 Participants each spend time at two workstations. 



1 :45-2:00 Qcsure. Debrief the activity. Where might these different pieces of software 

be used Are they helpful? Can they be easily integrated? 

Announce new Game of the Week. Remind participants of the location of-the 
next meeting and to fill in their log sheets. Keep the room open for 30 more 
minutes for anyone who wants to look at more software. 



f 0 . 
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4.2.4 Handouts 



This section contains handouts needed in Session 2. The facilitator may find it useful to mAe 
some of these into overhead projector foils for use during the inservice. 

Note that some parts of die materials must also be in the hiinds of participants during the 
inservice. Although the materials are designed primarily ff^' secondary students, we work through 
some of them to help illustrate the ideas covered in this session. 



Index to Handouts 



Page 



Statistical Sampling of Fish Populations 

(PA) MECC Graph Loading Instructions 

(PA) MECC Gr^h Prints Pictures 

(PA) MECC Graphing Primer 

Games on MECC Graphing 

(PA) Algebra Arcade Lab 

(PA)SuperPlotLab 

(PA) Green Globs 

Gams of the Week 

Results of Game of the Week 



2 
7 
8 
9 
10 
11 
12 
13 
14 
15 



- ( 
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Statistical Sampling of Fish Populations 



by Judi Mathis 

[Reproduced with permission from ICCE, This article first appealed in The Computing Teacher, 
June 1986.] 

Students gmwing up in the information age need lO understand sampling, statistics, 
prediction^', and interpreting graphs. They see samples and opinion polls in newspapers and 
magazines i^jid ought to know what liiey n^an- A well-designed sample, accounting for proper 
representation of each stratification of the population, can poll less than one percent of a total 
population and predict fairly accurately the opinions or needs of the entire population through 
mathematics formulas developed to do this. 

The following acdvity helps students develop a basis for understanding elementary statibtic^. 
The activity is O'ltlined for third grade, and elaborations arc given for grades 4 through 12. The 
emphasis in the acavities, especially in the lower grades, is on experiencii ^ the samplir^ 
procedure, gathering and organizing data, feeling comfortable with making'estimationo, and 
developing an intuitive sense of range of accuracy. Students need to experience situations where an 
exact answer is not necessary. 

The computer is used to record gathered data, organize and report compilations of data, 
perform calculations, and present information graphically. The teachers doing this activity u^ed 
MECC Graph. Other tides suitable at the elementary level include Easy Graph by Grolier, 
Exploring Graphs and Tables by Field Publications, and MECC Graph Prime- by iMECC. An> 
good software tiiat transfers infermation from the data base to the graphing tool is desirable for 
middle school and above. Spreadsheets can o'Jer help in organizing and recording data and in the 
subsequent calculations. 

This activity and its elaborations were used in training workshops for the CI"^ (Computer 
Innovations Integrated Into Instruction), [^.or's Note: The project is now colled CP, 
Computer-Integrated Instruction Inservice] research project at the University of Oregor-, and 
subsequendy by several participants in theT classrooms. For more information on the project, see 
"Effective Inservice for Use of Computers as Tools," by David Moursund in the February 1986 
issue of The Computing Teacher. 



Let's Go Fishing 

Description 

Topic: Statistical Sampling of Fisn Populations 
Grade Level: 3 

Time: 10 minutes at desk + 20 minutes on computer 
Groupmg: Students in groups of 2, 3, or 4 



Objectives 



1. Learn sampling methods: gathering, recording and sorting data 

2. Practice measurement (for activities at some grade levels) 

3. Graph sampling results using the computer 

4. Make predictions and "guesstiniauons" and determine range of acceptable envir 
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Materials 

Software: MECC Graph 
Equipment: Apple n 

Other materials: Fis* patterns and colored paper, and brown paper bags. (Editor 5 Note. The 
original article contained ^ large number of pictures of fish that could be cut out and u^ed lo create 
the fish population. In this copy of the original article we have provided you with ju^t one picture 
of a fish, plus two variations on it. The original fish was created in MacPaint. In MacWnte formal, 
it can be stretched into a variety of shapes to produce a variety ctf fish. This is illustrated at the end 
of this article.) 

Before You Start 

Students should have prior experience using MECC Graph, Photocopy the fish patterns onto 
diflferent colored paper, or color the fish a variety of colors. Cut into rectangles and group sample^ 
in brown paper bags vn\h the name of a lake, or location of a lake, on each bag. For example, 
using three colors offish, bag 1 contains three blue, three ^en, and six orange; and bag 2 contains 
six blue, three green, and three orange. Prepare one bag per group. (Keep the number and t>T)e of 
fish in each bi»2 recorded in a safe place.) 

Lesson (Sequence of Instructional Activities): 

1. Each student catches a fish fiom the lake (the brown paper bag); 

2. Records the color of the fish; and 

3. Replaces it in the lake (the bag) and stirs up the lake. 

4. After repeating the above steps a specified number of times, students graph their results. 

5. Each group makes a guesstimate as to the total number of fish and number of each color. 

6. Combine aiid present all of die group's results. Compare the small samples, the whole 
group sample, and the original sums in the fishbowl. Which was the best predictor, small 
or whole group? 

Post Activities 

1. Do a statistical sampling of a new lake. Have stude.its predict he total in the lake and the 
number of each color. The group with the best estimate gets a reward 

2. Within the school, students can take statistical samples of eye color, categories of favorite 
books, kinds of pets, etc. 

3. Within the community, students can take statistical samples of number of video machines 
or gum machines per building, number of trees in the park, etc. 

4. Students can poll their parents on some condition when they were in third grade (e.g., 
distance from school, coldest or warmest temperature during a school day, etc.). 

5. Vary the aviilable fish ponds, have students do the lesson again, then post the contents of 
each bag without naming them. Students can match the "real" data with their predictions to 
guess which bag is theirs. 

6. Have students bring articles from newspapers and magazines based on samples. 
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Comments 

1. Sampling activities can be done in a piecemeal fashion ai> an ongoing project, rather than 
a locating a single block of regular class time. 

2. Concrete matenals are appropriate at all levels to deepen the understanding of the conuepis. 

3. Have students create their own survey to answer questions they pose. 

4. Relate the sampling process Students have experienced to real-world examples such as 
presidential polling, location of blue whales, gypsy moth populations, etc. 

Examples for Other Grade Levels 

Fourth grade: Using fish of varying length; for each sample, determine the maximum, 
minimum, and range. 

Fifth grade: Measure, record, and determine the average length of the fish sampled. TaJce a 
second sample and determine the average. Do they agree? 

Sixth grade: Record fish color of a sample and predict ratios of certain-colored fish to the *otaI 
number of fish (using fractions). Empty the lake and count the fish and determine the exact 
fractions. How dose were the predictions? 

Seventh grade: Record sampies from different locarioils on d lake and match up the sample 
with the location (e.g., stream runoff, near a boat dock, middle of the lake, close to the dam, etc.j 
Predict environmental impacts on populations. 

Eighth grade: Gather fisli information on local lakes or ri\ers by contacting your fish and 
game biaxd or consulting your local newspaper or a textbook about your state. Each group mAes a 
sample oag representing their lal.e. Other smdents sample the bags, predict the breakdown, and 
compare their results. 

Ninth grade: Sample, record \dtal information and determine probabilxdes for each length of 
fish, type of fish, or color of fish. 

Tenth grade: Determine the mean, median mode, and standard deviation of a normal 
population. 

Eleventh grade: Sample, measure, and reconi on Day 1 . Student or tt acher thtn changes the 
sample by adding fish or replacing with longer fish. Sample, measure and i ecord for Da> 2, w hich 
represents one week's or one month's growth. Students continue for four or five samples and 
predict growth rates. Compare with actual populations. What kind of a curve is this? 

Twelfth grade: Catch a fish, measure, record, and repeat while keeping a rur ^g average. 
What percentage of a sample maSt be taken until the error (difference betA^een sax. ..5 v*\erage and 
real average) is within a certain value? Now change the value: How doe^ the sair ^..»ig peicent^ge 
change? (A spreadsheet .vould be most effective for this activity.) 



.t. The original article contained a number of pictures of fish that could be duplicated and then 
cut out and colored. One of the fish is pictured below. All of the fish came from one onginal" 
such as this.] 
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Next we give two more pictures of the same fish. All we have done is to do some stretching and/'or 
shrinking in the horizontal and vertical dimensions. Such is the "magic'* of having a picture (.created 
in MacPaint) in a MacWrite file. 
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Fishing for Statistics 

Data Recording Form 



Record your "fishy data" here: 



Classes 
or 

Characteristics Counts 



4 



9 



ERIC 
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MECC Graph Loading Instructions 

[Note: This is a Performance Aid. It is a detailed set of directions for accomplishing a specific task 
with a particular piece of softwart^.J 

1. Insert the MECC Graph disk in the drive. Close ^he drive door. 

2. If the computer is off, turn it on. M the computer is aireac^y on, press the Control, 
Open-Apple and Reset keys simultaneously (this is calied a warm Si*.rt). When you 
release them, the disk drive should start and the program will load 

3. When the disk drive goe.s off, press the Space Bar twice. 

4. You should see a screen titled MECC Graijh. Choose item 1 (Graph Name/Number 
Data) by pressing 1; then press the Return Key. 

5. When the disk stops spinning, select item 1, 2 or 3 (depending on what kind of graph your 
group wants) from the main menu. 

6- When you see the screen with the word Legend at the top, answer "N" to the question, "Do 
you want to use data stored on the diskette?" 

7. Now the Legend table returns. Answer either "Y" or "N" to the question *'Dg you want help 
entering labels for your graph?" 

8. Fill in the information your group found from the Fishing for Statistics activity. 

9. Select the graph option by pressing "G." 

10. Select the menu option by pressing "Q." From the main menu, you may select another 
graph to look at. 

1 1. When you finish, select the menu option. From the graph menu select item 4 (Return to 

main menu). Answer " Y" or "N" to the question "Do you want to :>tore this information 
for further use?" 



Cl3 Notebook • 4.2.4 Handouts • Page 7 



MECC Grjf ph Prints Pictures 



[Note ' Th^ is an example of a Performance Aid. It is a detailed ^et of directions, rather like a 
recipe, for accomplishing a specific task with a particular piece of software.] 

Setting up the Printer Support on MECC Gr ^h: 

The bottom of the Main Menu reads: "Pri; ; Option is OFF." 

Select: 4. Printer Support from the Main Menu 

1 . Ider ify Printer Type - only 3 combinations possible 

1 . Apple DMP / Parallel Card 

2. Apple Image writer / Serial Card 

3. Printer / Grappler Card 

Answer Y if you h. : one of these selections and then the corresponding number. 
Otherwise N results in a dead end. 

2. Select Printer Slot Number. 

Only 2 choices possible: Slot 1 or 2 
Answer Y and tiien the slot nmiber. 

3. Test the printer. 

4. Select Print Ootion - toggle to ON by answering Y to the query. 

5. Return to Main Menu. 

The last line of princ should now read "Print Option is ON." 



Printing Graphs and Legends ^ hile using the program: 

Located in the lower right hand comer is P = print 
Press P to print the legend. 
Press S for small or L for large. 
Answer Y or N to identify your data. 
If Y then the questions are: 

Type your name. 

Type your class name. 

Type your project name. 

Type the date. 

Press G to see the graphic display. 

Located in the lower right hand comer is P = pnnt graph. 

Press P to print the graph. 

Press S for small or L for large. 

Answer Y or N to identify your data. 

If Y then the questions are the same as above. 
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MECC Graphing Primer 

Pie Graph Training Instructions 



[Note: This is a Performance Aid. It is a aetailed set of directions, for accomplishing a specifit 
task with a particular piece of software.] 

1. Insert the MECC Graphing Primer disk in the drive. Close the drive 
door. 

2. If the computer is off, turn it on. If the computer is already on, press 
the Control, Open-Apple and Reset keys at the same time. When 
you release diem, the drive will start and the program will load. 

3. When the drive goes off, press the Space bar twice. 

4. You should see a screen titled MECC Graphing Primer. Choose item 
3 (Exploring Pie Graphs; by pressing 3; then press the Return key. 

5. Read tlie information on the screen and then press Return. 

6. Select Item 2 (Quick Review) from the Pie Graphs menu. This is a 
sequence of "screen pages" that gives some information about pie 
graphs. Press the Space bar to "turn" each page. Unless you wish 
to read the screens again, enter N at the review prompt on the last 
page. 

7. From the Pie Graph menu, select item 3 (Pie Games). There are two 
informational pages. Then you have your choice of games. Choose 
either. Enter data into the table when instructed to do so. Any data 
will do — you can just make it up. Answer "N" to the question 
"Would you like to print this graph?" Create another graph if you wish, 
or play the other game by choosing Pie Gaines again. 

^. Optional: If you have time, select item 4 (Tell the Story) from the 
Pie Graphs menu. In this activity, you must make up a story to ex- 
plain a graph. The story can only be as long as the space between the 
[brackets]. You don't have to press Return at the end of each lino; 
the computer takes care of that 

9. When you finish, select item 5 (Return to main menu) from 
the Pie Graphs menu, ^rom tlie MECC Graphing Primer menu, 
select item 5 (End). Please remove the MECC Graphing Primer 
disK from the drive and leave the computer on. 



ERIC 
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Games on MECC Graphing 

[Note: The following four Games" are available on *he MECC Graphing disk,] 
1. Quotes 

You type in a message that you want coded in term, of ordered pairs. The program make^ 
up a first quadrant grid with letters naniing the points. To figiue out the quote, the btud^^it 
must find the correct letter via the ordered pah" given. 



2. Graph 

You are given an equation and four values forx. You must solve fory. Tne program will 
graph tlie equation based on your values of y. You have two chances to conect any errors. 
You have a choice between positive and positive/negative x values. 



3. Hurkle 

In this game a figure called a hurkle "hides" on a grid point in a square grid When you 
type in guesses for the coordinates of the huikle, the program gives you hints that will htlp yOu 
to correct your guesses. 

4. Nomad 

In this game ycu are at a certain point on a map-like grid and need to go to some otiicr point 
on the map. You can move the figure by giving directions and speed 
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Algebra Arcade Lab 



[This is a Performance Aid for using Algebra Arcade Lab.] 

1. Find someone to play Algebra Arcade with you. You will be lonely if you have to play it by 
yourself. 

2. Load the program. Oioose the two player game. Follow the instructions and press any 
key. 

3. To begm play, press the Space Bar. 

4. Ten little Algebroids should have appeared on the screen along with one shifty-eyed Ghost. 
The object of the ganie is to write an equation that goes ihrou^!: a6 inany of the Algebroids as 
possible without hitting t^e Ghost 

5. The game always opens by accepting any type of equation. The syntax for the equations is 
fairly specific. It does not like 2x, but Joes like 2*x (* is Shift 8). It also needs exponents 
entered as is Shift 6). Enter an equation and press return. 

6. It is always possible to practice an equation before actually trying it A box of four choices 
will be flashing in the lower right comer. If you press P wWle this box is flashing, you will 
be able to practice an equation. Press I * and then Return. The next player now gets a 
practice turn. You may continue to take practice turns by pressing Return. When you are 
ready to go back to the game, press P (for play) while the box is flashing. The other items 
in the flashing box allow the user to: G-rcset the game; E-erase lines on the practice field; 
F-change features of the game; or A-bring out a new set of Algebroids. 

7. Contijiue playing until you are ready to explore some of the other features of the game. While 
the bon in the lower right comer is flashing, type F and press Return. You should now see 
a list of features. One of the more interesting ones is option 4. Choosing this gives you 
another list You may choose the family of equations you wish the game to accept or create 
your own family of equations. Once you decide on the family of equations you will return to 
the Features menu. Here you will have to set item 3 to "on." Now the game will only accept 
the family of equation:, that you have specified. 

8. Try ditferent features. Play some more gaims. Have fiin and avoid the shifty-eyed Ghost. 
Back in the Classroom: 

Where can this software be used in your cuniculum? Will You use it for demonstration or 
student exploration? 
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SuperPlot Lab 



[This is a Performance Aid for using SuperPlot Lab.] 

1. ho^d SuperPlot. 

2. Pressing the Space Bar moves the highlighted box through the list of 
choices. 

3. Highlight "Enter a function" and press Return. 
Enter the equation: y = 2x + 1 1 and press Return. 

4» "See the graph" should be highlighted Press Return. 

5. Where is the intersection of the line and the y-dxisl 

Press H and change the limits of the graph. The options will continue 
to appear until you choose one. Make changes to the graph. 

6. .limits can be changed from the main menu. If you arc not at the main 
menu press Esc. Now highlight "Set new limits" and press Return. 
Enter new limits for the graph. Examine the new graph. 

7. If you wish to change the graphing mode (sound, color, dots), highlight 
"Change graphing mode" and press Return. 

Algebra Activities 

Try entering equations that would be used in your classes. 

Exponents are to be entered by pressing Shift and the 6 at the Same time ( ^ appears). Once 
tile exponent is entered, pressing Return leaves superscript mode and returns to tiie normal 
position. 

How dees the program accept fractions and decimals? As exponents? 

Is is possible to graph x = 3? Can tiie format be changed from 
y = ???? to x = ???? 



Trigonometry Activities 

Enter some trigonometry functions. Do you need to type tiie whole name? Keep track of 
which keys represent which frinctions. 

Are tiiere responses to certain functions that are not appropriate such as y = hi 0? 



Back in the classroom: 

Where can tiiis software be used in your matii curriculum? Will you use it for demonstration 
student exploration? 
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Green Globs 
(Graphing Equations Lab by Conduit) 

[This is a Performance Aid for Green Globs,] 

I. Load the Graphing Equations disk into the computer. 

1 Select 0 to learn that > is the pre- ipt and the computer is waiting for input, the back arrow 
is used to erase characters, Retuni to continue, Esc to back up, and Esc Esc Esc to return 
to the main menu. 

3. Select 2. Green Globs and press Return. 

4. Press the Space bar to see the rules. Read them if you're a novice to the game. Use the ^ 
for exponents (which are restricted to 1 digit. The ^ is located at shift 6). Y = an 
expression in X OR X = an expressio^i in Y. 

5. Select 1 for the Novice Game. 

6. To warm up, type in linear equations of the form: Y = mX + b or aY + bX = c. 

7. After playing a game or two, expand your horizons - try equations of the form: r^ = (X - a)^ 
+ (Y - b)^ where r is the radius and (a,b) is the center. 

8. Okay, expert, go for it! Qiallenge everyone in the loom to ellipses at 7 equations. 

9. Esc to the Main menu and look at the other programs on the disk. Explore the record keeping 
feature. 

Back in the classroom: 

Where does this activity fit in the math curriculum you teach? 

How can this be used for whole class demonstration? Individual students? Groups of 
students? 

^Vhat materials might aid the students as they use this program? 
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Game of the Week 



Do one of the following two games. 

1. Now that you have seen some of the math graphics software that is available, discuss where 
in the math curriculum you teach would such software make the most difference? Give some 
specific examples and general reasons why you feel this is the case. Where in the math 
curriculum you teach would graphics software make the least difference? Give some specific 
examples and general reasons why you feel this is the case. 



2. Ask your students: Now tiiat coirqjuters are available, what do tiiey think should change in 
terms of how math is taught and what they are expected to learn? Ask at least two different 
levels of math smdents. You might have them provide written .responses; or you might carry 
on a whole class discussion. The main goal is for you to gain increased understanding of 
what your smdents think and feel about these questions. Write a report on what you find out 



Cl3 Notebook • 4.2.4 Handouts • Page 14 



Results of Game of the Week 



[Note: This is not intended to be a handout. Rather, it gives the inservice facilitator an indication of 
the types of responses 'hat participants might provide in responding to the Game of the WeeL] 

There were two choices for this week's game. The results for both follow: 

1. Now that you have seen some of the math graphics software that is available, discuss where 
in the matii curriculum you teach would such software make the most difference? Give some 
specific examples and general reasons why you feel this is the case. Where in the math 
curriculum you teach would graphics software make the least difference? Give some specific 
examples and general reasons why you feel this is the case. 



Least 

initial instruction 
record-keeprng 
general practice 
AP calculus 
classes above algebra 



Most 

problem solving 
drill and practice 
low level skills 
graphing 

classes below algebra 



The above t^iswers were the ones that occurred the most often from mservice participants who 
responded to this question. 



2. Ask your students: Now that computers arc available, what dc they think should change in 
tenns of how math is taught and what they are expected to leam? Ask at least two different 
levels of math students. You might have them provide written responses, or you might carry 
on a whole class discussion. The main goal is for you to gain increased understanding of 
what your students think and feel about these questions. Write a report on what you find 
out.2. 



Main answer from 6th graders (average to below average): Nothing, we still need to learn 
how to do the math because: 

• You need to make sure the computer does it right. 

• What if no computers were available? 

• Can't do certain things on a computer (ie, measure things). 

• Knowledge is good. 

• What if the computer malfiinctions? 

• I don't v/ant to be stupid. 

• Need knowledge for tests. 

• Need to know what math symbols mear in the real world. 

7th graders (average to above average): We still need to leam math because: 

• Computers don't think. 

• Need the knowledge in case no computers are available. 

• Mental math is good for you. 
Use a computer :o: 

*" Leam how to use a computer and how it works. 

• Make it easier, because a computer can do "hard" problems. 

• Less talking and more fiin. 

• Take a teachefs place! 
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8th grade algebra students: We still need to learn math because: 

• You need to check computers. 

• Computers can't do everything. 

• What if computers aren't available? 

High school students responded similarly: 
Pros 



• Computers in math would increase knowledge in all fields. 

• Use computers to solve equations and proofs since not used in real life. 

• Can use time to learn real-life things, but then if computers disappear, weVe in trouble. 

• Use computers to replace teachers so each student can work at his or her own pace. 

• Don't need to use a whole sheet of paper to solve a problem. 

• No textbooks, grading more efficient, immediate feedback. 

• Fun, but may be harder to understand. 

• Let computers do the work and we do the applications. 

• Much more fim — a desire to use software. 

• 3-D for geometry helpful — ^visualization easier. 

• Can review as necessary. 

• Trial and error — time to do many. 

• Can go faster with more difficult problems to tackle* 

• Individualization, independence. 

Coins 



• Concepts behind math won'* be understood - answers just appear. 

• Question reliability. 

• Need K know formulas to use a computer or calculator. 

• No knowledge needed except programming— not using our brains. 

• What happens if there are no computers available? 

• Imagination will decrease. 

• Impersonal - a teacher knows when you don't know it! 

• Harder to type than write. 

In general, the lower level students in high school feh we should leave weU enough alone and 
I^ve computers out of the classroom* They seemed to feel confusion and were wary of computer? 
The higher level kids seemed willing to try computers in the classroom. Many provided responses 
such as It sounds like fun" or "It'll make the class more interesting." 
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4.2.5 Materials 

These sample lesson plans are designed to be used with students at a variety of grade le\cls. 
They represent the types of activities that can be done with students after learning the material in 
Session 2, 

Inservice facilitators will want to use some of these materials during the session. If the session 
is more than two hours in length, it is appropriate to have participants work through a number of 
these student activities. 



Index to Materials Page 

(LP) Catch a Big Fish 2 

(LP) Parallel and Perpendicular Lines 3 

(HO) Graphing Problems 4 
(LP) Comparing the Populations of Oregon 

with Other States 6 

(LP) General Lesson Plan for Simple Samples 7 

(LP) Sizing Up Our World 8 
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Catch a Big Fish 



Description: Materials: 

Tofic: Statistical Sampling of Fish Population Software: MECC Graph 

Grade Level: 4-9 Equipment: Apple //computer 

Time: One period Other materials: Cardboard fish 

Grouping: Students in Groups of 2, 3 or 4 
Objectives: 

1. Teach sampling methods 

2. Measurement practice (cm or inches) 

3. Graphing sampling results 

Before you start: 

Use the pictures in the Statistical Sampling of Fish Population article to create a fish pond of 
paper or cardboard fish. Color them various colors. 

1. Determine variables to be analyzed: Hov/ many different kinds, how many fish, size, 
color? This determines the grade level and the difficulty. 

2. Students should have experience using MECC Graph. 

3. Place all the "fish" in a "fish bowl" (a paper bag will suffice). 

Lesson: (Sequence of instructional activities) 

1. Students catch a fish in the fish bowl one at a time. 

2. Record the length, type, and color of the fish. 

3. Replace it in the bowl. 

4. After lecording a specified number of data points, the students graph their results by use of 
computer graphics. 

5. All of the groups of results are combined and presented. Compare the small samples, the 
whole group sample, and the original sums in the fish bowl. Which was the best 
predictor — small or whole group? 

6. Do a statistical sampling of a new fish bowl. 

7. Have students predict the total in the fish bowl. Reward the best-estimating group. 

Follow-up: Students can 

1. Take a statistical sample within the school. 

2. Take a statistical sample of local businesses. 

3. Poll their parents on some items of data. 

ComOTients: 

1. Vary the available fish ponds and post the final results. Have students match the "real" data 
with the fish pond. 

2. Explain that tliis is how scientists make predictions in the real world, whether fish ponds or 
presidential races. 

3. Have students bring articles fiom newspapers and magazines based on samples. 

4. This can be done in a piecemeal fashion, or as an ongoing project, ratlier than allocating 
regular class time. 
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Para Jel and Perpendicular Lines 



Description: 



Materials: 



Topic: Graphic representations of parallel 
and perpendiculai* lines. 
Grade level: 8-lZ 



Any equation graphing program & and 
appropriate computer w/lg monitor or 
projection display system. 



Time: 12-15 minutes. 
Grouping: Whole class d'smonstration 
Objective: Students will explore the similarities 
and diflferences in the eeuations for parallel and 
perpendicular lines. 

Before you start: 
Set up equipment. 

Lines and linear equations have already been introduced to your students. 



L Give the students two equations such as: y = 2x + 5 and y = 2x - 4. 

2. Have students predict what the lines look like. 

3, Graph die two lines using die graphing program. 
•4. Students supply another line parallel to those two. 

5, Students generate a different pair of parallel lines. 

6, Include at least one set of parallel lines with negative slope. 

7, Display an equation like y = 3/5 x -1 and have students predict the equation of a line 
perpendicular to it. Guess and check. 

8, Find two lines perpendicular to it 

9, Begin with a line with negative slope like y = -1/2 x + 1 and have students predict a line 
perpendicular to it, 

10, What about y = 3x -8 or y = -4x +1/7? 



Where do parallel lines (or line segments) occur in the real world? (Look for pictures, and 
periiapj> prepare a bulletin board display.) 

Where do perpendicular lines (or line segments) occur in the real world? 

Have students sketch equations and predict parallel and perpendicular equations to gi\en 

linear functions. 



Students can improve their estimation and intuitive guessing by using lines that have other than 
integer slopes. Indeed, giving students only examples and exercises having inter slopes may lead 
them to believe that only integers are allowed 



Lesson: 



Follow-up: 



Comments: 
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Graphing Problems 
(Activities to be done using SuperPlot) 



L Predict and Graph. Give sindems a (computer-generated) handout with some sets of 
coordinate axes for graphing equations, and some equations to be graphed. Students are to rapidly 
sketch the equations, and then check their results by use of a computer graphics package. A sample 
is given on the next page. 

n. Parallel and Perpendicular Lines 



Which of these is/are Find the equations of two lines 

parallel to y=(2/5)x+l? that are perpendicular to 

, , . y=(2/5)x+l? 

t\ r ^^'"-i. (Check by graphing) 

b) 5y=2x-10 

c) y=.4x+3 



in. Find the roots of Create two functions with roots 

x4 - 23x2 + I8x +40 -2 and 2. (Check by graphing) 

(Use zooming features) 



IV. Predict how tiiese three graphs 
differ: 
y=sin(x/4) 

y=sin (x+ 7t/4) y = 2 sin x + cos x) 
y=sin X + k/4 



Predict what the sum of y = 2 sin x 

and y = cos X looks like. 
(Graph each separately and then 
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• 



Predict and Graph 

1. y = 3x 



2. y = fn X 



3. y = sin(3x) 



Cl3 Notebook • 4.2.5 Materials • Page 5 



Comparing the Population 
of Oregon with Other States 



Description: Materials: 

Topic: Bar graphs comparing population MECC Graph (one/computer) 

with other states Apple computers (1- 12) 

Grade level: 5-10 p v / 

Time: 12-15 min. for whole cla^s demonstration 
OR pairs/ conq)utcr 

Objectives: • Students will gather information on another state and compare it with Oregon's. 
• Aids the ordering and perspective of infonnation regarding their home state. 

Discussion: A bar graph can be effectively used to display a set of data (such as population of 
several states) for easy visual comparison. Another good example of the type of data that one might 
want to display with a bar graph is the population of a state every ten years for the past fifty years. 

Before you start: 

Set up cquipnent 

Gather information on Oregon and other states or use data finom tiiis example: 

Area (Sq miles) 1982 Population 

Oregon 96,981 2,649,000 

Washington 68,192 4,245,000 

North Carolina 52,586 6,019,000 

South Carolina 31,055 3,203.000 



Lesson: 

• Present the sample above to the whole class. 

• Have students find the population statistics for other states. 

• In pairs, siudeuts compare population sizes or growth between Oret, on and other states 
usmg bar graphs. 

• Have students present their findings to the rest of the class. 

Follow-up: 

Students can also compare urban versus rural distribution, minority populations, industnes, 
etc. This could also be done as a comparison between the U.S.A. and other countries. 



^0 
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General Lesson Plan for Simple Samples 



Description: 



Materials: 



Topic: Statistical sampling with replacement 
Grade Level: 5-12 

Time: 15 min off +15 min on computer 
Grouping: Students in groups of 2, 3, or 4 
Objectives: 

1. Introduce sampling methods, 

2. Organize data to be collected, 

3. Data gathered and recorded, 

4. Graphing sampling results, and 

5. Statistics: Mean, median, mode &/or standard deviation 



Software: Any graph software 
Equipment: One or more computers 
Other materials: Sampling sets of 
materials 



Before you start: 

1. Create or select a collection to be sampled Suggestions include: colored beans, painted 
macaroni, construction paper pictures, colors or noakes of automobiles observed at 
particular sites or times, etc. 

2. Determine variables to be analyzed How many different kinds, how many of each, size, 
color? (This determines the grade level difficulty.) Students should have experience using 
the graphing tool selected 

3. Place all the objects in paper bags or other storage devices. (Teacher keeps the secret totals 
in secure place.) 

4. Have students bring articles ftom newspapers and magazines based on samples as an 
introduction to this topic. 



Lesson: (Sequence of instnicticnal activities) 

1 . Students selea an object one at a time. 

2. Record the appropriate infomiation for each object 

3. Replace object. 

4. After recording a specified (small) number of d ^,oints, the stuuents graph their results. 

5. All of the groups of results are totaled together a \. sented Compare the small samples, 
the whole group sample, and the original quantities \Vhich was the best predictor ♦ small 
or whole group? 

6. Do a statistical sampling of a new collection of sim'air objects. 

7. Have students predict the total in the collection. The group wit^i the best estimate gets the 
reward 

Follow-up: Students can 

1. Take a statistical sample within the school. 

2. Take a statistical sample of the local businesses. 

3. Poll their parents on some items of data. 

4. Bring articles ftom newspapers and magazines based on samples. 

Comments: 

1. Vary the available collections and post the final results. Have students match the "real** data 
with each collection. 

2. Explain that this is how scientists make predictions in the real world ( e.g., presidential 
races). 



r ' 
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Sizing Up Our World 



Description: 



Materials: 



Topic: Metric mcdsureccents 
Grade Level: 3-8 

Time: 15 min off +10 min on machine 
Grouping: Students in pairs 



Software: MECC Graph 
Equipment: 1 Apple/2 students 
Other materials: Worksheet: recording 



data 



Objectives: 

1. Students will gather data, 

2. Students will use the nitric measurement system. 

3. Students will save the graph on disk, and 

4. Students will add new data to a file. 

Before you start: 

1. Be familiar with A/£CCGr^?7/z. 

2. Determine if this activity is restricted to the classroonti, the playground, the halls, or the 
school Select the objects the students will mea;>uie, OR place a restriction on the size of 
die objects and have the students determine which things to measure (e.g., "length must be 
between 3 cm and 30 cm long"). 

3. Make suffident copies of the worksheet to record the data. Have enough measuring tools 
(you may want to use the large 1 cm x 5 cm paper clip as the measuring unit). 

4. Determine die pairs of students who will work together. 

Lesson: (Sequence of instructional activities) 

1 . Pair the students and hand out worksheet for recording data. Sizing Up Our World. 

2. Review with the students which items are to be measirod and in what units. 

Sample A: BIG THINGS(metres & cm) Sample B: LirTLE THINGS (cm only) 

Width of classroom Length of second joint on index finger 

Length of classroom Length of pencil (new or used) 

Distance to the office Disk top lengtii 

Length of blacktop playground Disk top width 

Size of doorway Height of bike rack 

Tables in the cafeteria Paper clips 

3- After the data is gathered, have students present a list of things in ascending or descending 
order. 

4. After the list is in the correct order, students present the information on MECC Graph. 

5. The information is then saved on disk and printed out (optional). 

6. Next, add two new objects to their list. The students must predict where the new objecti> 
should be placed on the graph to maintain order before measuring the objects and adding 
the information to the file. 



1. Have students measure objects at home and bring the data to school to be graphed. 

2. Have students design their own metric house. They can design it in metres and make a 
cardboard or graph paper layout in centimeters. 



Foliow-up: 
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4.3 

SESSION 3: SPREADSHEETS 



4.3.1. Narrative Overview 

The first two sessions foctued on the use of computers to draw graphs. All math teachers are 
experienced in drawing graphs by hand Thus, the transfer to using a computer to draw graphs is 
relatively easy. Learning theory descrbes this as "near transfer." Computer graphics was chosen 
as the topic for the first two inservice sessions because of this near transfer. We didn*t want to 
have participants be faced simultaneously with the task of learning the mechanics of using a 
computer and learning a new subject area (such as spreadsheets, which art introduced in this thL^d 
session.) 

Spreadsheets are a whole new ball gams. Relatively few math teachers have a solid 
background in accounting or bookkeeping. Many have not previously encountered a 
paper-and-pencil version of anything akin to a spreadsheet. Thus, the topic of spreadsheets is 
doubly difficult Workshop participants must leam both how to use spreadsheet software and what 
its uses might be in mathematics. Learning theory describes this as "far transfer." 

One of the most important concepts in spreadsheets is that of developing a spreadsheet model 
to solve or help solve a particular category of problem. In essence, this process is a type of 
niathematical modeling. This suggests a third difficulty for many inservice participants. Tiiey ma> 
have poor skills in mathematical modeling (in translating real-v/orld problems into mathematical 
problems) and relatively little experience in teaching mathematical modeling. (Refer back to the 
four-part diagram from the first session's Game of the Week, which helps clarify modeling and 
unmodeling versus other aspects of mathematical problem solving.) 

For all of these reasons, many math teachers encounter difficulties as they begin tu study 
spreadsheets. The inservice facilitator can decrease the difficulties by using some of the techniques 
which follow: 

L Check to see which inservice participants have had previous experience with spreadsheets 
and/or accounting. Pair up these participants with those who lack such a background. 

2. Select problem examples that do not pose a difficult mathematical modeling challenge. That 
is, pick examples and exercises that present a minimal mathematical challenge. 
(Remember, some of the participants do not have a strong math background. Right nov\ 
you want them to orient their learning energies to learning about the use of spreadsheets, 
rather than learning mathematical modeling. But be aware that spreadsheets can help create 
an excellent environment for teaching mathematical modeling.) 

3. If possible, begin by using a simplified or very restricted spreadsheet system such as 
Formula Vision. Participants can experience immediate success in using such software, 
and they can begin to leam some of the features found in full-blown spreadsheet systems. 

4. Move slowly, using lots of examples. Do not expect participants tO master spreadsheets in 
the time devoted to this topic. (Even if two or three fUU sessions are devoted to 
spreadsheets, most participants will only scratch the surface of this jpic. Sprea{!sheets are 
a powerful aid to problem solving. Mastering spreadsheets involves mastering ^. number of 
mathematical modeling and problem-solving ideas.) 
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5, If some participants have used spreadsheets in their teaching or for other purposes, have 
them give testimonials. This will help other participants to see that it is possible and useful 
for math teachers to learn to use spreadsheets. 

6. Give careful consideration to spending more than one inservice session on spreadsheets. 
There is enough material included here for two se:sions, and the topic of spreadsheets m 
mathematics could easily use more than two *^:ion. 

One way to think about a spreadsh^ is as an extension of a calculat A spreadsheet can 
stoie both numerical data and formulas. 1^ can automadcaily perform calcu^.tions (following tne 
formulas) on the numerical data. Thus, many of tiie issues that arise as one consider? effects o ^ 
calculators on the curriculum come up again with the Jt of spreadsheets. It is important to pouit 
oui this analogy and to keep raising the i.^ ue cf what constitutes a good mathematical education fur 
life in a world in which both calculators and computers (including spreadsheets) are readily 
available. 

Math teachers have litde trouble thinking of applications of computer gmphics in the math 
curriculum. But many have trouble thinking of possible uses of spreadsheets. Thus, the 
spreadsheet sessions should devote quite a bit of time to discussing possible applications and Jie 
implications of such applications. One key topic for discussion is that of learning to use a tool 
versus learning to solve problems using the tool. How much emphasis should be placed on each of 
these areas, either during *he inservice or in the math classroom, as spreadsheets are introduced in 
the math curriculum? 

The first activity a brief, usually oriented introduction to spreadsheets. Next, the participants 
work on Formula Vision, an easy-to-use spreadsheet program. They solve several problems and 
become familiar with some applications of this program. 

The second activity is an introduction to the spreadsheet program in AppleWorks. Note that you 
are iiitnxiucing participants both to a sophisticate^! integrated software paclage and to one ^ miculai 
application program in that package. Keep in mind that this combination may overwhelm some 
(perhaps most) participants. Entire courses are given on the use of a spreadsheet such as the one in 
AppleWorks. 

If some participants become overwhelmed by the topic, you may want to discuss how students 
feel when they are overwhelmed by what they are expected to learn. Reassure participants that as 
they continue to work with spreadsheets, they will evenmally begin to feel comfortable with this 
topic. 
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4.3.2 Script 



Theme 
Objectives 

Materials 



Using spreadsheet^, in a math instruc ional setting 

1. Introduction to the structure and format of a spreadsheet. 

2. Explore spreadsheets in an instructional format 

3. Solve a problem by constructing a simple spreadsheet. 



Software 

Formula Vision 

AppleWorks ( AV/) 

(or son]© othir spreadsheet) 

Other 

Transparency . ' sp:neadsheet 
Large butcher paper drawing of 
a spreadsheet 



Handouts 

Millionaire spreadsheet 
Fast Food Heaven Exercises 
Matrix Multiplication 
(PA) How to load Appleworks 
(AW) screen display for all three 
of the above (WS) 



Refreshments 
Assumptions 



Pre-CIass 



Py now you should have the details of this well established. 

It is assumed Aat many participants will not know the basics of loading 
AppleWorks. If this is the case, explain (PA) how to get files from the 
disk and save to the disk. If possible, pair up nonusers of AppleWorks 
with participants who have used it before. 

Formula Vision and Fast Food display should be loaded for participants to 
use v/hen it is time to do so, or placed by the machines along with a 
Performance Aid so participants can get started by themselves. You may 
want to have participants start on Formula Vision as soon as they arrive, 
or you may want to start the whole class together with a brief discussion 
of spreadsheets such as is suggested below. 



Introduction 

5 Minutes 
(Butcher paper 
Spreadsheet 
transparency) 



Purpose: Introduce the concept of a spreadsheet and briefly explain 
the stmcture of the session. The entire session will be on spreadsheets 
and their uses in the mathematics class. The first hour will be fairly 
structured Unroll the butcher paper showing what a spreadsheet looks 
like. (Be dnunatic!) 

1. Discuss the columns, rows, and labeling. 

2. Explain that a cell is named by its row and column intersection. 

3. Explain that most spreadsheets can be thought of as having an 
inctefinite number of rows and columns. 

Overheei transparency of spreadsheet 

♦ Describe the movement of the cursor in a spreadsheet. 

• Explain entering and deleting information. 



Activity 

15 Minutes 



Purpose: Participants use spreadsheets in an instructional context 
with a minimal number of instructions. Have participants work in 
pairs in exploring the Fast Food (Formula Vision) spreadsheet. 
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Fast Food Heaven 
Exercises 



• V/oik with the Fast Food Heaven Exercises. Give minimal 
instructions. (Some of the problems on the WS have miUtiple 
answere; these may lead to later problems without solutions.) After 
about 10 minutes ask participants to think about the various skills 
they are using (e.g., mental math, esdmadon, pencil and paper). 



Discussion 
2-4 Minutes 



Debrief the acdvity. Was it stimulating and/or motivating? Why? 



Activity 



20 Minutes 
Millionaire (WS) 



In pairs, have participants play m± the Millionaire (Formula Vision) 
template using the WS. They w^ have to change the labels and 
formula for this worksheet 

Give as few instructions as possible. Once they solve the first 
problem, have them try others. Change one or more of the variables. 
What if the interest is compounded every day, every hour, minute, 
second? 

During the activity ask die normal types of questions: 

• Are they enjoying the activity? 

• What skills are tiiey using? 

• Could this or a simdlar activity be used in their classroom? 



Discussion 
2-4 Minutes 



Debrief the activity. 



Break 



10 minute break. LoadAppteW^orfo into computers. 



Debrief 
10 Minutes 



Debrief Game of the Week. 



Demonstration 

15 Minutes 
(Omit if time is 
problem.) 



Purpose: Explain the very basic steps needed to constnict a 
spreadsheet You will want to introduce die vocabulary of labels, 
values, and formulas. After this explanation tiiey will construct a 
their own simple one. 



DemonstratiCii: 
(Omit if there is 
a problem.) 



Pick a problem jrom a word problem worksheet and have the class 
discuss: 

1. How the problem can be solved. 

2. How to construct a simple template using a spreadsheet 



ERIC 
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Example: Problem L Cy had 35 problems for homework. He received $.10 for 

each correct answer and was fined $.05 for each incorrect answer. Today 
Cy did 10 problems correctly and had 25 wrong answers. How much did 
Qr earn or lose? Suppose that all you knew was that Cy earned $1.00; 
how many »did he get correct? (Note that such a problem has many 
solutions,) 



One possible spreadsheet template to use on this problem is: 

A B C D 

1 #Probs, = 
2 

3 # Right =: # Wrong = (B1-B3) 

4 Amount - ((•! *B3)-(.05*D3)) 



Activity The above is one of many possible templates. The important part is 

20 Minutes solving the problem and discussing how it can be put onto a 

(Omit if time is spreadsheet Depending on the skill level and background of the 

a problem*) participants, the presenter chooses one (or both) of the following: 

h Participants duplicate the above and find an answen 
2. Participants pick one of the other problems and 
construct a spreadsheet template. 



Debrief During or after the activity ask the same types of questions mentioned 

earlier. What types of improvements could be made to the spreadsheet? 
Some participants may be writing their guesses and computer 
responses on paper. Would it be helpful if the ^readsheet was made 
into a table so that all the guesses and responses could be reviewed? It 
is possible using the replicate function. But this a more advanced 
spreadsheet topic. How could this be used in problem solving? Can it 
change or present new opportunities for some of the things we teach in 
mathematics? 



Closure Teachers are now using spreadsheets in tiieir classroom, 

10 Minutes • Rick Thomas in Eugene, Oregon, developed a pre-algebra class 

that uses spreadsheets. The classroom has five computers, and 
students use them during class. They also have access to the 
computer lab. Rick is the author of ClassWorkSy a complete course 
on AppleWorks for secondary school students. It is published by 
ICCE and sold on a school site license basis which includes 
templates, sample tests, overheads, etc. 

Depending on time available, there can be discussions on where and 
how to use spreadsheets. Also discuss possible project ideas. (See Pat 
Lyon*s spreadsheet unit for an example.) 

Collect Logs 

:15 
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Identify a strand in your curriculum where it might be appropriate to 
use spreadsheets. Develop templates for Formula Vision or a full 
blown spreadsheet that could be used to help solve some of the types of 
problems encountered in the unit 



/is 
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4.3.3 Timeline 



Have Formula Vision disks with appropriate data file available at ths computers. The 
participants should load the program and begin working with it as soon as they arrive at the 
inservice. A large screen monitor or projection system is needed for this session. 

0:00-0:15 Activity 1. Fast Food Worksheet and Fomiw/a Vision. Have participants try 

all the questions. 

0:15-0:24 Debrief* Was it easy to load and go? Were the worksheet problems easy to 

solve? What steps did they take in solving the problem(s)? What did they 
write down and how did they use the computer? Short explanation of 
spreadsheet terminology and use. 

0:24-0:44 Activity 2. Millionaire Worksheet and Formula Vision. 1-et participants work 

to solve the first problem and continue with the extra problems if time permits. 

0:44-0:48 Debrief. Was this any different from the otiier worksheet? V/as it easier? 

Harder? Would they have used a computer if they had the choice? 

0:48-0:58 Break. Collect logs and Game of the week, and load AppleWorks. 

0:58-1 :08 Debrief Game of the Week. 

1 :08-1 :23 Demonstration of AppleWorks on large screen monitor or projection system. 

1 :23-1 :45 Allow participants to use AppleWorks to solve the Millionaire worksheet. 

Then let the "novices" do something similar to the worksheet while the 
"experts" can work on either matrix multiplication or the continuation of the 
Millionaire worksheet 

Another optior- is to pair up the experts with novices and let die experts 
become the teachers. 

1 :45-2:00 Debrief the activity. Is AppleWorks easier or harder than using Formula 

Visionl Why? What some of the similarities and differences between the 
two pieces of softwariJ? What seems to be hard about learning to use 
spreadsk ''^ts, and what is not so hard? 

Announce Game of the Week. Remind participants where we will meet next 
week and to complete log sheets. Encourage participants to do the Game of 
the Week. 

Talk to five people about being "experts" for next week's session. If will be 
on problem-solving software. Try to get different volunteers than last time tfiat 
there were a number of workstations staffed by volunteers. Have the software 
available to loan to these volunteers. 
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4.3.4 Handouts 



These handouts are needed during Session 3. The facilitator m:.y want to make some of the^e 
into overhead projector foils for use during the inservice. 

In preparing these materials for publication, the authors were faced by the problem olhow to 
deal with data sets or templates containing data that needs to oe available to the participants. In the 
"ase of Lucy Van Pelt (see Session 1) we asked the reader to create a suitable database. In the 
current session we ask the reader to create files to fit the data for the exercises. This is relatively 
easy to do. The Formula Vision spreadsheet has exactly 15 cells. Each cell can contain a label (the 
name of the cell), a number or formula, and a unit of measure. For example, a cjU might contain 
the label RATE, the value 15, and the unit MPH (miles per hour). 

The first exercise for this session uses Formula Vision with a template (worksheet) containing 
the 14 food items and their prices given in the Fast Food Heaven Menu on page 3 of this section. 
The 15th cell is labelea TOTAL. You will want to name the template (workshc^:) Fastfoods, as 
that is the name that has been used in the Performance Aid on page 2 of this section. The 
Performance Aid on page 5 may be of help in learning to create a worksheet 



Index to Handouts Page 

(PA) Introduction to Formula Vision 2 

(PA) Formula Vision: Fast Food Heaven 4 

Fast Food Heaven M\ <u 5 

Fast Food Heaven Exerci'C'*" 6 

(PA) Formula Vision: Compound Interest 7 

Millionaire Spreadsheet 8 

Millionaire Worksheet Extensions 9 

(PA) How to Load the AppleWorks Program 10 

Fast Food Heaven AppleWorks Problems 14 

Game of the Week 15 

Game of the Week Outcomes 1 6 
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Introduction to FORMULA VISION 



[Note ' This is a Performance Aid. It is a detailed set of directions for accomplishing a specific task 
with a particular piece of software.] 

1. Insert the Formula Vision disk into the disk drive, with Side A up. (Be sure to close the drive 
door.) 

2. If the computer is off, turn it on. If the computer is abeady on, hold down the Open-Apple 
and Control keys, and press the Reset key (this is called a warm start). When you release 
these keys, the disk drive should start and the program will load. (If it doesn't work, reoeat 
this step.) ^ 

3. Notice the instruction "Please press spacebar to continue" at the bottom of the screen. Follow 
that instruction. 

4. You will see a menu with four different selections. Read the menu and then press 1 in order 
to "Go directly to Formula Vision." 

5. Read and follow the instructions at the top of the screen that direct you to remove the Formula 
Vision disk from the drive, turn it over, and insert it back into the drive. (Be sure to close the 
drive door.) Then press the spacebar to continue. 

6. Notice that you now have a 15 cell grid consisting of five rows of three ceUs each. We wiU 
now teU you how to type a Label, Value, and Unit into two different ceUs, and then hov; tc 
tjye a Label and Formula into a third cell. Wt will be working with the formula for the area 
of a rectangle: 

AREA = LENGTH * WIDTH 

We will coinpute the area of a rectangle whose length is 8 inches and whose width is 6 inches. 
Then you will be given the chance to experiment with other values, ,nd formulas. 

7. Type the word LENGTH and then the Return key followed by the Down Arrow key 
(Notice that the Label LENGTH is i.. in the top of a c,.u.) 

8. Type the number 8 and then the Return key followed by the Down Arrow key (Notice 
that the Value 8 is nc'v in the middle of the cell.) 

9. Type the word INCHES and then the Return key followed by the Down Arrow key 
(Notice that the Units, IN for inches, is now in the bor.om of the cell.) 

10. Repeat thesteps 7-9 above, but this time type WIDTH for the cell Label, 6 for the ceU Value, 
and INCHES for the ceU Units. 

11. Next type the word AREA and then the Return key followed by the Down Arrow key 
(Notice that the Label AREA is now in the top of a cell.) ' 
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12. Type the formula LENGTH * WIDllI then the Roturn key followed by the Down 
Arrow key. Be sure to use the a terisk to inuicate multiplication. Later you may want to 
experiment with other symbols th,U you think might indicate multiplicadon. (Notice that what 
you type does not appear in the ce U. Instead, the computer follows the directions specified b> 
your formula, computes 48 as the answer, and displays it in the cell. Notice also that the 
computer indicates that the Units are square inches. 

13. Now experiment, using different Values. Notice that as soon as you change a Value, the area 
automatically is recomputed Try changing the Units in one of the ^Us; for example, change 
6 INCHES to 6 MILES. Notice how the computer indicates that you have mixed units, and 
that therefore you have done something wrong. 

14. Continue to experiment by trying a different formula. Notice that there are enough cells so 
that you can have several different formulas displayed at one time. What happens if you 
attempt to use the Label from one cell as the Label for another cell? 

15. Continue to experiment by trying some of the menu items at the top of the 15 cell dispby. 
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Formula Vision: Fast Food Heaven 



[Note: This is a Performance Aid. It is a detailed ^er of directions for making use of the Formida 
Vision software and the Fast Food Heaven data to get started on solving some of the Fast Food 
Heaven Exercises.] 



1. Put the Formula Vision disk into the disk drive, label side up. Close the disk drive door and 
turn on the machine. If the computer is already on, put the disk in the disk drive and close the 
drive door. Then held down the Control and Open Apple keys and press the Reset key. 

2. Once Formula Vision is on the screen, press the space bar. Select the number 1 and 
follow directions. 

3. Once Formula Vision is loaded, a 3 x 5 spreadsheet will appear on the screen. 

4. To open the Files Menu in order to get the Fast Foods file, hold down the Control key and 
press the F key. 

5. The numbers 0 through 7 will appear, along with a description of what each number will do. 
You want #1. Use the down arrow key to move the cursor to #1 and then press the 
Return key. 

6. Get the worksheet named Fastfoods (type it in, after the third letter, the name should 
appear). Press the Return key. 

7. The Fast Foods worksheet will be on the screen. Using the ar'^ow keys, move the cursor 
to the cell named Total. The cursor should be right under the name Tot^l. 

8. You can now use the menu handout as well as the screen to determine the guesses you will 
type in. For example, if you think the first answer is a, hamburger, fries, and a small coke, 
type in H+F+SC. Then press the Return key and see \^'hat appears in the cell named Total. 

9. You can change what you want calculated simply by and pressing the Return key. 



0 
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Fast Food Heaven Menu 



ERIC 



Sandwiches Price 

Hambuiger (H) $1.25 

Cheeseburger (CH) $1.45 

Hamburger Supreme (HS) $1.55 

Cheeseburger Supreme (CS) $1.75 

Hot Dog Supreme (HDS) $1.25 



Side PishgS Price 
Fries (F) $.45 
Cole Slaw (C) $ .55 



Prinks Price 

Small Cola (SC) $.50 

Large Cola (LC) $ .75 

SmaU Diet Cola (SDC) $ .60 

Large Diet Cola (LDC) $.80 

Milkshake (MS) $.95 



DgSSTllS Price 
Ice Cream Bar (I) $ ,65 

Apple Pi? (A) $ .85 
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Fast Food Heaven Exercises 



Instructions 

Look at the menu. For each problem below, decide which items tlie person bought and t>T)e in 
a formula made by adding the abbreviated names. For example, if you think the person bought a 
hamburger, fries, and a large cola, you would type H + F +LC in cell 15, the one named TOTAL 
and press the Return key. The computer will determine the total cost of a hamburger, fries, and a 
large cola, and will display it in that cell. If it is not the answer you wanted, move the cursor back 
to cell 15 (the TOTAL cell), type in a formula for your new gress, and press the Return key. 



Problems 

1. Judi, whose favorite restaurant is Fast Food Heaven, stopped by while cruising kst night. 
She ordered one sandwich, one drink, and one dessert for a total cost of $3.00. What did she 
order? 



2. Seymour, who was introduced to the wonders of Fast Food Heaven by Judi, decided he had 
to try one item from each of the four categories. He spent $2.95. What did he order? 



3, Seymour enjoyed his meal so much that he went back the next day. This time he also ordered 
one item from each category. Two of the items were the same as the day before and two were 
different This time tlie cost was $3.90. What did he order? 



4. Larry, who was very hungry, knew that Fast Food Heaven was just the place to fill up. He 
spent $5.15 (I told you he was huiigry) on five items, which included one dessert and one 
side dish. What did he order? 
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Formula Vision: Compound Interest 

L To clear the spreadsheet so that you can start writing a new one, hold down the Control ke> 
and press the T key. 

2- The numbers 0 through 7 appear along with a description. Use the down arrow key to 
move the cursor to #1 - Clear the worksheet. Press the Return key. 

3. In Formula Vision^ the niathematical symbols used are: 

+ for addition 

- for subtraction 

* for multiplication 

/ for division 

^ for exponentiation (This symbol is called "carrot" and is the top of the 6 key.) 

0 for grouping 

Formula Vision uses other symbols, but you do not need to know them at this time. 

4. Type in the necessary labels, numbers or formulas, and units name for the Millionaire 
Worksheet 

5. Use the arrow keys to move around the spreadsheet If you want to delete, simply put the 
cursor on the desired sp^t and either re-type th' information or use the delete key. Practice 
this un 1 you are comfortable in deleting. 

6. The formula for interested compounded yearly is: 

T = P * (1 + IntRate) ^ Years 

where T = total, P = principal, and IntRate = interest rate expressed as a decimal equivalent 
Thus, 8.6% is expressed as .086. The same general formula holds for more frequent 
compounding. TTius, suppose one had $12,500 invested at 9% per year, compounded 
monthly, for 10 years. The computation to be performed is: 

T = $12,500 * (1 + .0075) 120 

Here .0075 is .09 divided by 12 (months per year), and 120 is 10 times 12 (months per year). 
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Millionaire Spreadsheet 



1. Estimation: Suppose you wanted to have $1,000,000 in the bank exactly 20 years from 
now. How much money would you need to invest today at 15% interest for 20 years to have 
one million dollars? The remaining variable is the number of times the account is 
compounded — that is up to you. It may be yearly, quarterly, monthly, daily, etc. 



Write down your answer here 



2. DifHcuIties: Note here any difficulties you encountered in using this particular piece of 
software I ^ solve this problem. Remember, Formula Vision is a rather restricted type of 
spreadsheet software. The problem was chosen to let you encounter various difficulties. 



3. Other applications: What are some other problems you might solve using this spreadsheet 
software? Describe sotne that would be easier to solve not using the spreadsheet, and others 
for which use of the spreadsheet would seem to work best. 



Or; 



Cl3 Notebook • 4.3.4 Handouts • Page 8 



Millionaire Worksheet Extensions 



The following problems are similar to the Millionaire problem and can be solved using Formula 
Vision. 



1. Comparison Shopping: Compare interest rates and number of times compounded yearly 
to get the best possible savings rate. For example: The United Trust Bank offers 8.5% 
annually and the InteiCounty Bank of Hazzard offers 8.25% compounded daily. Which bank 
offers the best return on your deposit? 



2. Limits: Hold the interest rate, amcur*t deposited, and number of years constant and change 
the number of times compounded annually to see the rate of change from yearly interest, 

compounded biannually, quarterly, monthly, weekly, daily, hourly, every second What 

happens? A graph may be helpful in understanding the results. 



3, Graphing: Pick an amoxmt of money (such as $1,000) and an interest rate (such as 8%). 
Determine the amount of money you would have at the end of 5, 10, 15, and 20 years. Now 
change the interest rate (to 10% for example) and repeat the calculations. Graph the results 
and (iscuss what they show about compound interest 



4. Inflation: Suppose that the annual inflation rate is 4%, A particular car costs $10,000. 
Taking into consideration only the inflation rate, what would be the cost of a similar car 50 
years from now? — 103 years from now? Do the same calculations assuming an inflation rate 
of 6% per year. Discuss the results. 
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HOW TO LOAD THE APPLEWORKS^^ PROGRAM 

The following pages have been reproduced with permission froro ICCE. The pages are taken 
from Appleworks™for Educators by Linda Rathje, © 1986, pgs. 7-9 and published by ICCE. 

The AppleWorks program is split into two parts: 

Part 1: the "AppleWorks Startup" is on one side of the disk. 

Part 2: the "AppleWorks Program" is either on the back side of the disk or on a 
separate disk. 

1. Put the AppleWorks Startup disk in drive 1. 

2. Put the data disk, that came with tb" ^ AppleV/ox'cs book, in drive 2. 

3. Turn on the monitor. 

4. Turn on the computer. 

5. If it is already on, hold down the open-apple and CONTROL keys, and tap the 
RESET key. 

6. Th.w COPYRIGHT SCREEN should appear: 



AppleWorks'**^ 
Integrated Software 



By Rupert Lissner and Apple Computer, Inc. 
Copyright Apple Computer 1983 VI .16 USA 



Place the AppleWorks PROGRAM disk in Drive 1 and press Return. 55k Avail. 



7. Remove the AppleWorks Startup disk from drive 1. 

8. Insert the Program disk in drive 1, and press RETURN. 

9. Type today's date using the form shown on the screen. 
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10. Prcss RETURN. 

11. The AppleWorks MAIN MENU should now be on the screen: 



Disk: Drivf 1 



MAIN MENU 



Main Menu 



1 . Add files to the Desktop 

2. Work vith one of th^ files on the Desktop 
5. Save Desktop files to disk 

4. Remove files from the Desktop 

5. Other Activities 

6. Quit 



Type number, or ose arrows, then press Return 



A-? for Help 



AN INTRODUCTION 



ERIC 



PARTI : HOW TO CREATE A SPREADSHEET "FROM SCRATCH" 

In tliis activity you will practice entering and changing informatio.i in a spreadsheet. Tf^.e exampleb 
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are simple and serve as an opportunity for you to become acquainted with what a spreadsheet looks 
like and what a spreadsheet can do. 

NOTE: "Select" means to highlight an option, then press RETURN. 

''Enter" means to type in the information. If you make a mistake, use the 
DELETE key to correct, then press RETURN to confirm. 



1 , Begin at the Main Menu, 

2, Select : !• Add files to the Desktop 

3, Select : 5, Make a new file for Spreadsheet 

4, Select : 1. Rx)m scratch 

5, Note the blinking cursor at the bottom of the screen. 

6, For filename, type: SS PRACTICE 



press RETURN 
press RETURN 
press RETURN 

press RETURN 



Each time a new menu selection is made, another menu appears on the screen. Your screen 
should now display die "Spreadsheet" menu, which is overlaying the "Add Files" and 
"Main" Menus: 



Di^k: Drive 2 SPREADSHEET Escape: Add Files 



Main Manu 




Add Files 




Spreadsheet ^ 
^ Make a new file: 

1. From scratch 

2. FromaDIF(TM)file 

3. FromaVisiCalc (R) file 



Type number, or use arrow:), then press Return 

■ — J 



7 Press RETURN, 

8. An "empty" spreadsheet should now be on the screen: 
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6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 



A1 ► #7 



#1. The name of your spreadsheet file; ("SS PRACTICE"). 

#2. The screen heading indicates a section of the Apple Works program. On this screen you 
can review, add, or change information. 

#3. This screen heading indicates which section of die prc^ram will be displayed if you press 
the ESC key. 

#4. A reminder that pressing die Open-Apple and question mark keys will display a Help 
screen. 

#5. Rows and columns divide the spreadsheet into a grid pattern on die screen. COLUMNS 
are identified by letters. ROWS are identified by numbers. 

#6. The highlighted bar on die screen is die spreadsheet CURSOR and indicates your place 
within die spreadsheet grid. The CURSOR is in column A, row 1— its position is referred 
to as CELL Al. 

#7. The CELL INDICATOR gives die cell number of die cursor's position. As you enter 
information for a cell it will first appear in die space BELOW die cell indicator (see #9) 

#8. The spreadsheet PROMPT. Instructions for working . ... the spreadsheet appear in diis 
area. 

#9. The blinking cursor indicates where labels, values, formulas, or AppleWorks commands 
are entered. Your typhg appears at diis cursor. 



Type entry or use @ commands 




#4 



^ @-? for Help 
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Fast Food Heaven AppleWorks Problems 



Instructions 

There arc two possible approaches to this set of problems. First, the inservice facilitator might 
create an AppleWorks spreadsheet template containing the information from the Fast Food Heaven 
Menu (page 3) and in a format designed to help solve the types of problems given here. 
Alternatively, if sufficient instruction has been given on spreadsheets, participants might create their 
own templates. 

One approach to developing a useful template is to use one column for the names of the food 
items, a second column for the costs of the food items, a tiiird column for the number of each item 
purchased, and a fourth column for the products of numbers of items (from the third column) times 
their costs (from the second column). The total cost of a purchase is then found by a summation on 
the fourth column. 

The user of this spreadsheet then enters a sequence of numbers into the third column, 
representing the number of each item purchased This actually is a quite awkward approach, since 
it is necessary to have zeros in the cells where none of the item is being purchased. While the 
sineadsheet can initially have zeros in all of those cells, once one purchase has been processed, that 
will no longer be the case. Thus, in solving the problems given below by trial and e:.x)r, the user 
will have to spend quite a bit of time indicating that "zero" of particular food items were purchased. 

The AppleWorkr spreadsheet can t set so that it automatically recalculates after each change to 
a cell, or so that it recalculates only when directed to do so. The instmction for recalculating is to 
hold down Open Apple and piess the K key. 



Problfiins 



1 . Judi, whose favorite restaurant is Fast Food Heaven, stopped by while cruising last night. 
She ordered one sandwich, one drink, and one dessert for a total cost of $3.05. What did she 
order? 

2. Seymour, who was introduced to the wonders of Fast Food Heaven by Judi, decided he had 
to try c e item from each of the four categories. He spent $3.30. What did he order? 

3. Seyinour enjoyed his meal so much that he went back the next day 1 his time he also ordered 
one item from each category. Two of the items were the spme the day before and two were 
different. This time was $3.20. What did he order? 

4. Larry, who was very hungry, knew that Fast Food Heaven was just the place to fill up. He 
spent $4.60 (I told you he was hungry) on five items whici' included one dessert and one side 
dish. What did he order? 
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Game of the Week 



The essence of a spreadsheet is that it is a piece of software designed to allow one to develop 
certain types of mathematicc' models, and to have the computer carry out the computations 
indicated by the model. Thus, a spreadsheet is useful when the type of problem under 
consideration can be modeled (represented) using a spreadsheet, and the amount of 
computation to be done is relatively substantial. 

Think about the math courses that you ti';ach. Select a strand or unit in a particular course 
where you think a spreadsheet mi^t be a useful tool. Describe some of the tj-pes of problems 
that one studies in this unit. Discuss how a spreadsheet would be useful in solving these 
types of problems. 

Next, select a strand or unit where you feel a spreadsheet would no^ Jt a useful and 
appropriate tool. Describe the types of problems encountered in this unit, and explain wh> a 
spreadsheet would not be a useful tool in d^ealing n these types of problems. 
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Game of the Week Outcomes 



[Note. This is not intended as a handout. Rather, it is a brief discw^sion to give the inservice 
facilitator some ideas on wha^ outcomes may be expected from the Game of the Week.] 

Find a strand in your curriculum where you can use spreadsheets. 

Answers we nsceived: 

• rccording grades 

• perimeter, area and volume of polygons 

• decimal unit 

• gathering and sorting data 

• equivalent ftactions 

• number patterns 

• pcrcents 

• probability and statistics - frequency distribution 

• accounting 

• Kolvijig equations 

• mean, median, mode and standard deviation 

Many teachers stressed the need foi hs2dwarc and the availability of software. If these 
problems were taken care of, tliey saw time in the curriculum to explore "What if type 
problems and more time for problem solving and working on the understanding of where and how 
to use the marh the students have learned in "real life " 

One of the most common uses of spreadsheets was to keep grades, either by the teacher or by 
the students. One tcapher suggested a print out of all the students* grades and blanks to fill in. 
Then they could woric out what they needed to fill in the blanks with in order to achieve the grade 
they desired! 

A spreadsheet is a very powerful aid to modeling and solving certain types of problems. But 
much of die math curriculum focuses on learning a litde bit about a lot of ideas, and quire a bit of 
this learning is at the lower-order skills level. For example, students need to leam the Hiathematica^ 
vocabulary, and they need to leam some formulas such as A = LW. These are lower-order skills, 
rather than problem solving. Since a spreadsheet is essentially an aid to mrxieling and solving 
problems, it is of less use and interest in the lower order skills parts of se'jondary school 
mathematics. 
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4-3,5 Student Materials 



These sauple lesson plans oxc designed to be used with students at a variety of grade levels. 
They represent the • 'pes of activities that can be done with students after inservice participants 
have learned the t: ' en?! in Session 3. 

Inservice facilitators will want to use of some these materials during the inservice. If it is 
more than two hours in length, it is appropriate to have participants work through a number of 
these student activities. 



Index to Materials 


Page 


Millionaire RIc for Apple Worics 


2 


Concession Session 


3 


Concession Stand Rle for AppleWorks 


4 


Go Soak Your Head 


5 


Archimedes Lives Fde for AppleWorks 


6 


Matrix MuIdpUcadon 


7 


Matrix Multiplicadon file for AppleWorks 


8 


Projectile Motion 


9 


Projectile Motion Tally Chart 


10 


Projectile Fde for AppleWorks 


11 
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Millionaire File for AppleWorks 

This is a MacWrite file copy of whai an AppleWorks file should look like for use with the 
Millionaire worksheet. You will probably want to enter this information into an AppleWorks file 
and not pass this particular sheet out to participants. 



FilerMimONAIRE REVIEW/ADD/CHANGE Escape: Main Menu 

==A B = - C -tt D E===:F=== 

II 

21 How To Become A Millionaire 

31 

41 Amount at maturity $1,035.31 < do not type here 

61 
71 
81 

91 Amount Deposited =$ $1,000.00 < Make changes 

101 # times compounded yearly =# 4 < here, 

111 # years to maturity *=# .50 < here! 

121 Annual interest rate sfjh 7.00 < or here 

131 
141 

151 How much should be deposited 
1 61 in order to have $ 1 ,000,000 
171 at the end of 20 years? 
181 



D4: (Value, Layout-D2) (D9*((1+(D12/(100*D10)))'^(D10*D11))) 



Of: 
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Concession Session 



Load the spreadsheet file Concession Stand (A MacWrite copy of the file is given on the next 
page.) 

Here is a chance for you to run your own business. This template is a very simple type of 
simulation. The template consists of two parts. The top part allows the teacher (the person setting 
up the simulation) to enter the prices the supplier charges. The sf jdent then decides how man> of 
each item to purchase. The Total Cost for each item and the Total for all Purchases are 
automatically calculated 

In the bottom portion of the spreadsheet the smdent is allowed to entered the prices that the 
Concession Stand will charge. The Gross Amount and P:o..t for each item aie calculated 
automatically, as well as the Total Profit and Net Profit. Here are the steps for running the 
Concession Stand 

1. You must decide how much you wish your supplier to charge! In the top portion of lb*' 
spreadsheet, enter the prices and the number of items you wish to buy from your 
suiiplier. 

2. In the bottom portion of the spreadsheet, decide how much the customers will be charged 
and enter the values in the Price column. Next, enter the number of items you sold (or 
hope to sell). 

3. Play with the various possibilities. Ask yourself "Wi:at if questions. Is there a way of 
"beating" the simulation? 



Extensions 

1. In the classroom this coa'd be extended by making use of random events through the a:>e 
of cards or dice. Events such as how many of an item sold, weathery a short game, an 
extra inning game, rival businesses, etc., could all be decided randomly. Divide the class 
into groups and have them compete against each other. 

2. Design your own business simulation. 

3. Use this software to keep track of the inventory of a school store. 
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Concession Stand File for AppleWorks 



[Note: This is a MacWrite/i/e copy of what an AppleWorks file would look like for use with tfie 
Concession Session activity.] 



File: ConcessionStand 

=A==B= 



II 
21 
31 
41 
51 
61 
71 
81 
91 
101 
111 
121 
131 
141 
151 
161 
171 

r- 

191 



30 
31 
32 



REVIEW/ADD/CHANGE Escape: 
=C=— =D=-=E===F==G= 



Concession Stand 



You sie in charge of the concession stand at the baseball games. 
Below is a list of items that you need to buy to be prepared for 
the next game. F^rst you must decide how many of each item you 
need to purchase. Second you will have to decide how much to charge 
your customers so that you will be able to make a profit 



Main Menu 

====H= 



Item 




Supplier's Pnces 


Price 


# Bought 


Total Cost 


Hot Dogs 


$.30 


100 


$30.00 


Peanuts 


$0.00 


0 


$0.00 


Ice Cream 


$0.00 


0 


$0.00 


Cokes 


$0.15 


400 


$60.00 


T-Shirts 


$0.00 


0 


$0.00 


Napkins 








per 100 


$0.00 


0 


$0.00 



Total for all Purchases 



Fill in below the prices you will charge 



201 




Your Prices 




211 


Item 


Price 


#Sold 


Gross Amt 


221 


Hot Dogs 


$.75 


80 


$60.00 


231 


Peanuts 


$0.00 


0 


$0.00 


241 


Ice Cream 


$0.00 


0 


$0.00 


251 


Cokes 


$0.50 


300 


$150.00 


261 


T-Shirts 


$0.00 


0 


$0.00 


271 


The paper supplies are a fixed cost You 


281 


make no profit fxom them. 




29 


Total income 









$90.00 



Profit on # Sold 
$36.00 



$105.00 



$141.00 
Net Profit on Today's Game 



$51.00 



G22: (Value, Layout-D2) +G29-G18 
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Go Soak Your Head 
(Archimedes Lives!!) 



Introduction 

This simple spreadsheet (see page 6 of this secticn) helps calculate the approximate \olume of 
a head. Since human heads rarely follow the Platonic Ideal, students are asked to measure a head 
using two different geometric approximation models. One is for well-rounded individuals, using a 
cylinder as a model; the other uses a rectangular solid. (The more scientifically- inclined student can 
actually find the volume of his or her head by submerging it in a bucket of water and measuring ir.c 
amount of displacement Archimedes would be overjoyed!) 

Cells E15 (formula for volume of cylinder) andE22 (formula for volume of rectangular solid; 
arc protected to prevent destruction. The user of this spreadsheet enters height and radius of a head 
into ceils D18 and D19, and length, width, and height of a head into cells D26, D27, D28. Then 
when the spreadsheet is recalculates, the two volume estimates will be m El 5 and E22. 



Activities and Extensions 

1. Measure estimate the dimensions of your own head and enter the results. (If you wish 
to go soak your head, please consult with your teacher.) 

2. Think of some other geometric solids a head might resemble. A cube? Tetrahedron? 
Pyramid? Find the formulas for their volumes and add them to the spreadsheet. 

3. How could the spreadcheet be made into a table form so that all the students in the class 
could add their own dimensions to it? Would it make sense to take an average of the head 
measurements of class members? 

4. An activity that uses smaller utensils and meajuring devices wou!d be to find the volume of 
a finger or of the whole hand. What measurements would be needed? Hov/ could the 
spreadsheet be laid out for an individual or for the entire class? 
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Archimedes Lives File for AppleWorks 



This is a MacWrite file copy of what an AppleWorks fi. . ,se with the Go Soak Your 

Head worksheet. 



FUe: Go Soak Your Head REVIEW/ADD/CHANGE Escape: Main Menu 

===A===B ====C=========D===E=====F===G======-^^^^ 

II GO SOAK YOJR HEAD 

21 This is a program to help calculate the volume of your head fi^om two 

31 perspectives. The head, unfortunately, is not shaped uniformly for easy 

41 mathematical calculations. The first part of this program treats the 

51 head as a cylinder and the second part as a rectangle. Measure a head 

61 and enter the results. The program will automatically calculate the 

71 volume. Then get a large bucket and fill it to the rim with water. 

81 Place the bucket inside a large pan. Submerge your head completely. 

91 Then measure the overflow and you will have tfie volume of your head. 
101 

1 II Which of the measurements below comes the closest? Is the average 

121 of the two measurements closer? 

131 

141 Volume Area of Base 

151 of = times = 0 

161 Cylinder Height of Cylinder 

171 

181 Height of Head = 0 

191 Radius of Top of Head = 0 
201 

211 Volume 

221 cf = Length times Widtii = 0 

231 Rectangular times Height 

241 Solid 
251 

261 Length of Head = 0 

271 Width of Head = 0 

281 Height of Head = 0 

E22: (Value, Protec£-N) (D24*D25*D26) 
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Matrix Multiplication 



Lx)ad the template entitled MatrixMuJt given on page 8 of this section. 

1. Displayed is an example of . J by 3 matrices and their product. Enter two new matrices. 
The product will automatically be calculated as you enter the new matrices. 

2. Is matrix multiplication commutative? That is, is A x B = B x A for all matrices? Try a 
couple of 3 X 3 examples and make a conjecture as to the answer. 

3. What is the multiplicative identity element? Check your idea. 

4. Change the existing template or make a new template to luultiply 2x2 matrices. Test your 
results on several problems until you are convinced that your template is correct 
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Matrix Multiplication File for Appleworks 



This is a MacWrite file copy of whac an AppleWorks file WL.uld look like for use with the Matrix 
Multiplication worksheet 



FUe: ManixMult REVIEW/ADD/CHANGE Escape: Main Menu 

II Matrix Multiplication 

21 Rom Mathematical Applications of Electronic Spreadsheets 
31 by D. E. Arganbright 

41 The following is for multiplying two 3 by 3 matrices. 
51 Enter your values into matrices A and B. 
61 



71 

81 

91 

101 

III 

121 

131 

141 

151 

161 

171 



1 
2 
3 



MatrixA 

2 
-8 
0 



3 
0 
1 



1 

•16 
9 



Product 
5 
4 
17 



Matrix B 



4 

3 
-3 



12 
18 
28 



6 
1 

-1 



9 
0 
1 



The following are the formulas used for each cell to solve the matrix multiplication problem. 

(A9*E9)+(B9*E10)+(C9*E1 1) (A9*F9)+(B9*F10)+(C9*F1 1) 

(A9*G9)+{B9*G 10)+(C9*G 11) 

(A10*E9)+(B10*E10)+<C10*E1 1) (A10*F9)+(B10*F10)+(C10*F1 1) 
(A10*G9)+(B10*G10)+(C10*G1 1) 

(Al 1*E9)+(B11*E10)+<C1 1*E11) (All*F9)+(Bll*F10)+(Cll*r: 1) 

(Al 1*G9)+(B1 1*G10)+(C11*G11) 
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Projectile Motion 

(How long is it actually going up?) 



Load the PPOJECTILE spreadsheet file given on page 11 of this section. 

a. Read the directions in the spreadsheet. 

b. Note that the initial velocity for the projectile is entered into cell C9. 

c. Use the Table B(see page 10 of this section) to record the results of your investigations. 

What initial velocity is needed for the projectile to attain a maximum height of approximately 
200 feet? (Use guess and check methodology to solve this problem.) 
a* What velocity did you start with? Vv^ere you high or low? 

b. How long did it take to reach this height? 

c. What do the negative numbers in the height column mean? Are they impvortant? 

d. How does a change in the initial velocity effect the rate of change of height? 

e. When is the rate of change of height increasing? Decreasing? 

f. When is the rate of change of height greatest? Least? 

g. What does a positive rate of dxange of height indicate? A negative rate of change? 



What initial velocity should be used if the projectile is to reach its maximum height in exacdy 
2.5 seconds? 



Play with the spreadsheet and pose problems of your own. 



Graph some of the results of your explorations. 



1 > 
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Projectile Motion Tally Chart 

Velocity: Velocity: 

Initial Hme: Initial Time: 

Hme Increment Hme Increment 

Tune Height Rate Time Height 
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Projectile File for Appleworks 



This is a MacWrite file copy of what an AppleWorks file would look like for use with the 
Projectile Motion worksheet 



File: PROJECTILE RF.VIEW/ADD/CHANGE Escape: Main Menu 



=— A===B====C =D — E^^^F=^^^^^^^ 

II PROJECTILE MOTION 

21 suggested by Don McNair 

31 



41 The spreadsheet will calculate the height and rate of change of a 

51 projectile. Entertheinitialvelocity, the initial time, and the 

61 time increments you wish to observe. Each tir^e you wish to see the 

71 effect of the values, enter Open Apple K (for Kalculate). 

81 



91 


Velocity 




1100 


Formula: h(0 = vt - 1 


101 


Initial Time 




0 


HI 


Hme Increment 




0.5 




121 


(enter Open Apple K) 






131 








RATE OF 


141 


HME 




HEIGHT 


CHANGE 


151 


0 




0 


0 


161 


0.5 




46 


92 


171 


1 




84 


76 


181 


1.5 




114 


60 


191 


2 




136 


44 


201 


2.5 




150 


28 


211 


3 




156 


12 


221 


3.5 




154 


-4 


231 


4 




144 


-20 


241 


4.5 




126 


-36 


25 


5 




100 


-52 


26 


5.5 




66 


-68 


27 


6 




24 


-84 


28 


6.5 




-26 


-100 


29 


7 




-84 


-116 
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SESSION 4: PROBLEM SOLVING 



4.4.1 Narrative Overview 

Problem solving is now considered to be a major focus and central theme both in 
mathematics and in all other academic disciplines. The back to basics movement of the past tw o 
decades is now being countered with a problem solving movement In essence, our educational 
system is struggling to find an appropriate balance among the lower-order skills and the 
higher-order slalls in Bloom's taxonomy. The majority of educational leaders ftel we moved too 
far toward the lower-order skills during the past two decades, and now recommend moving 
toward the higher-order skills. 

Problem solving tends to have a variety of meanings even in math education. If time 
permits, it is an interesting exercise to have inservice participants write down their own short 
definitions of problem solving. Then debrief, first in triads and then in the whole group. You 
may find that few participants can give a reasonably comprehensive definition of problem 
solving! If so, refer them back to Section 2.2, Role of Computers in Problem Solving, and to 
the Game of the Week in Session 1, which contains the four-part math problem-solving model 
discussed in the first of these matli inservices. As you may recall, most math educators estimate 
that the math curriculum spends 70% to 80% of its time teaching students to do things by hand 
that a computer or calculator can do. 

It is generally agreed that one of the main goals in math education is to increase students' 
math problem-solving skills. In addition, most math educators agree that students should leom 
to apply their math problem-solving skills to math-oriented problems in other disciplines. But 
this turns out to be a major difficulty. For example, many students will study metric 
measiuements in a math class and demonstrate competence through their performance on a te:>t. 
They will then go into a science class and display complete ignorance of metrics! 

Learning theory talks about transfer of learning. The transfer of metric knowledge from a 
math class to a science class is difficult for many students. But research on learning theory 
suggests that transfer can be increased by appropriate teaching f..r tranter. Ont main thrust of 
this inservice session is to discuss the question of transfer and how to help increase it. One good 
way to start this session is to briefly discuss the topic and then ask participants to write down 
some examples of what tjiey do to facilitate transfer. Debrief in triads and in the whole group. 

There are many pieces of problem-solving software available. Participants will have the 
oppormnity to use several pieces of software during this inservice session. Generally, the 
problem-solving software has been designed in a game format and is fun to use. Fundamental 
questions include: 

1. What does a student learn about problem solving by using the software ? 

2. To what extent does the knowledge and skills acquired from using suCu problem solving 
software transfer to: 

a. Solving math problems in a math environment? 

b. Using math to help solve problems in non-math areas? 

The first piece nf problem-solving software examined in this inservice session (Mind 
Puzzles by MECC) is quite simplistic. However, it allows discussion of the above questions, 
and this discussion can lead into other related questions. For example, suppose that a student 
develops good skill at solving computer-based maze problems. Does this help improve spacial 
visualization skills or planning-ahead skills? 
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Pat McQurg did her doctorate work at the University of Oregon on a similar question. She 
found that when students useu software such as The Factory over a period of weeks, their bcores 
on spacial visualization tests increased more than the scores of those in a control group. Bill> C. 
Yates' dissertation, completed at die University of Oregon in summer 1988, replicated some of 
the work of Pat McClurg and produced similar findings. These studies suggest that for one 
particular piece of 5»oftware tbare is transfer to the types of skills measured by certain t>pes of 
spacial visualization tests. 

Li this inservice session (as in all sessions) we encourage participants to work together at tlie 
computers. The research on cooperative learning and cooperative problem solving supportb the 
contention that students learn more about problem solving by working together to solve 
problems. This might be raised as a discussion topic in one of the debriefings. 

The December 1986 issue of The Computing Teacher includes an article tided 'The 
Teacher's Role in Using the Computer to Teach Hiinking Skills." That article is reprinted in 
section 4.4.6. 

Some Specifics on This Session 

The session begins with an off-machine problem-solving activity. There are many books 
full of such activities. A few sample activities have been included in :his part of the Notebook. 
Select one that you feel will be appropriate to the participants in the inservice. 

Spend a short time with ihe activity and then debrief the steps the participants went dirough 
in order to solve the problem. Note that cooperation and woridng together are needed in some 
and that there are other acriviiies that may be done alone. Raise the question of whether the 
problem-solving ideas panicipants used to solve the problems carry over to solving "regular" 
math problems. 

The second activity is done at the computer. Have the software Mind Puzzles by MECC 
alktady loaded so that participants can begin at once. Tell participants they will have 
approximately 20 minutes to get through the software. They should do both Maze ofRodenua 
and Queen Bee ofMenta. Maze ofRodentia is very straightforward with explicit directions. It 
is a maze game and should be easily understood Queen Bee ofMenta is more difficult to 
understand and some participants may require help. However, the game is also very easy. 

Mind Puzzles was selected because of its ease of use and as a tool to help raise questions 
concerning problem solving. The debriefing may take more time than the time spent on die 
computer. We use this piece of software to raise questions :^ i as: 

1 . Is it appropriate to use games in teaching? 

2. Is this a "good" piece of software? (How does one judge whether a particular piece of 
probleru-solving software is good? If participants suggest a piece of problern-solving 
software is good, ask them to cite supporting research studies!) 

3. Do people (teachers includttd) always read dkections? Is it possible to write directions 
that all readers will find to be clear? 

The third activity is to be done after the break. A number of "computer stations" are loaded 
with a variety of problem-solving software programs. (Get the software set up during the breA. 
Use volunteers to help and to serve as assistants at the stations.) There should be software for 
appropriate low ability and high ability students, and panicipants visit several stations. 

Be sure to allow some titie for debriefing, even if this means that participants do not visit 
every station. (Participants may explore software on their own, but it is harder for participants 
to have group discussions on their own.) Make sure that transfer of learning is emphasized in 
me closing debriefing. 
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4A.2 Script 



Theme 
Objectives 



Materials 



Using problem-solving software. 

L To have participants think about what is meant by problem solving 
and uses of computers to create environments that support the 
development of good problem-solving knowledge and skills. 

^ To increase knowledge of the issue of transfer of learning and to 
focus on how to increase the amount of transfer that occurs as 
students use problem-solving software. 

3. To explore some problem-solving software. 



Software 

Mind Puzzles 
Teasers by Tobbs 
The Factory 
Gertrude's Puzzles 
High Wire Logic 
Rocky's Boots 



Handouts 

Colors of a Cube 
Off-Line P.S. Activity 
. with jigsaw pieces 
Description of each piece of 

software demonstrated. 
Article fromThe 

Computing Teacher 



Pre-CIass 



Load Mind Pu *zles into the computers. The data record sheets should be 
included with participant handouts. 



Introduction 

5 Minutes 



Begin by having participants* work on the Colors of a Cube worksheet 
without giving them directions. Participants may work alone or in 
groups. Once an individual or group solves the problem, watch to see if 
they help each other, gi ve die answer away, or just sit quietiy. Use your 
observations in the debricifing. 



Discussion 
10-15 Minutes 



Debrief die above activity. How did the group react to the problem? What 
are we trying to accomplish when we do problem-solving activities? Was 
die Jurtivity motivating? How do you think students feel when they are 
faced with diesi^ types of problems? Do these types of activities help 
students to use what diey have leari:ed in a math class? Have the 
participants keep diese questions in mind when they go to the next 
activity. 



Activity 

20-25 Minutes 



ERiC 



Purpose: Have participants work in pairs and use die MECC Mind 
Puzzles problem-solving software program, thinldng about die steps diey 
follow. Tell diem diat diey will have approximately 25 minutes to go 
through both programs. Give no instructions verbally; participants should 
have die instruction sheet widi diem from die handouts. 
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Discussion 
15 Minutes 



Break 

10 Minutes 



Debrief the activity. How was this different from the worksheet they 
received at the beginmng? What skills were being used? Was the 
computer useful for this activity? Would this be useful for students in 
other areas or is it "just a game?" Did they learn anything from this piece 
of software? Was it fun? Would they use it anywhere in their curriculum 
or elsewhere? Try to get everyone involved in the discussion. There are 
always a few people that have definite opinions, but we are trying to 
facilitate new thinking and want to get everyone consciously thinking. 

Collect logs. 



Activity 

30 Minutes 



Purpose: To allow participants to see other types of problem-solving 
software and to have some hands-on time. It is desirable to have some 
participants serve as facilitators at the stations. Have at least four different 
pieces of software available for teachers to try out. Have participants pick 
and choose which ones they would like to see, but keep the group frx)m all 
gathering at one computer. 



Discussion 
10 Mixmtes 



Debrief the above activity. Tell them that theiv^ is a list ' ; 
problem-solving software in the handouts. They can maik the ones that 
are available to them (check ahead of time at resource centers, ESD's, 
etc., so that you can let them know). The list given here is not intended 
to be comprchrnsive, and new pieces of this type of software are 
published quiu. regularly. Ask p^irticipants if any of them have used a 
piece of problem-solving software that they have found to be particularly 
appropriat' " their teaching situation. 



Qose the session by briefly reviewing what was discussed Problem 
solving and transference should be something teachers are conscious of 
and work toward directing students to do on their own. 

Set the time and place for tne next session. 
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4.43 Timeline 



Here is a sample two-hour inservice based on the materials in 4.4.2. Have Mind Puzzles 
from MECC loaded into the computers. A large color screen or monitor is needed for this session. 

0:00-0:08 The participants will enter and begin work on the The Colors of a Cube 

activity. They may work alone or in groups. Do not give any specific 

instructions. 

0:08*0:15 Debrief. What do we hope to accomplish by having students do these t>pes 

of worksheets? Dees the leammg transfer to other math problem-solving 
situations, either in math classes or in other subject areas. Emphasize the idea 
of t^sfer of learning, as it is a central theme for today*s session. 

0:1 5-0 :40 Activity 1 . Have Mind Puzzles loaded and ready to go. Tell participants they 

will work in pairs and will have 25 minutes to go through both games. They 
should make a note of any problems, questions, or answers as ±ey work 
with the software. 

0:40-0:50 Debrief. How many people read directions first as opposed to trying to do tt*^ 

work without reading them? How was this activity different fiom the 
worksheet activity used at the beginriing of the session? What skills were 
used in solving the problem? What did they leam from doing this activity? 
Was it fun? Will the learning transfer? What could teachers do to increase the 
transfer? 

0:50-1 :00 Break. Collect logs uid Game of the Week sheets. 

1 :00-1 :1 0 Debrief Game of the Week. 

1 :1 0-1 :20 Demonstration using Rocky's Boots. Model how one might use a single 

computer in the classroom. Involve the whole group. 

1 :20-1 :50 Debrief briefly and explain that for the next activity there will be six different 

stations available, each with one piece of software, Rocky's Boots, G. "ude's 
Puzzles, High Wire Logic, Teasers by Tobbs , The Factory and MECC Math 
Vol L They will have 30 miijites to visit two or three different stations. 

1 :50-2:00 Debrief the activity. Which software seemed most useful for working with 

students? What could students leam ftx)m using pieces of software like thc^e? 
Will transfer of learning occur, and what can teachers do to increase transfer? 
Is it okay to play such games and have fiin during a math class? 

Research says that one gets better at problem solving by being in a 
problem-solving environment in which one practices problem solving. Is the 
typical secondary school math classroom a good problem-solving 
environment in which students can practice solving problems? Research also 
says that a teacher's attitude toward problem solvmg and transfer of learning 
is an important factor. 
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4.4.4 Handouis 



The pages of this secdon contains handouts needed in Session 4. The facilitator ma> find it 
useful to make some of these into overhead projector foils for use during the inservice. 



Index to Handouts Page 

Colors of a Cube 2 

Introduction to Mind Puzzles from MECC 3 

(PA) Mind Puzzles 4 

.Problem-Solving Software for Mathematics 5 

Rocky's Boots 1 

Gertrude's Puzzles 1 

High Wire Logic 8 

Teasers by Tobbs 8 

The Factory 9 

MECC Math Volume 1 9 

Game of the Week 10 

Game of the Week Outcomes 1 1 
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Colors of a Cube (A Problem/Puzzle) 

A cube has six sides, each a different color. 
The red side is opposite the black. 
The green side is between the red and black. 
The blue side is adjacent to the white. 
The brown side is adjacent to the blue. 
The red side is face down. 

What color is the side that is opposite the brown side? 
Now that you have finished, answer the following questions. 

1. What grade levels of students might be able to solve this problem, and what do you think 
students would leam from doing this exercise? 



2. What skills are used in solving this problem? Name some places in the math curriculum or 
applymg math to other disciplines where these skills are useful. 
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Introduction to Mind Puzzles by MECC 



Mind Puzzles helps students to develop a variety of problem-solving skills that apply to 
virtually all curriculum areas. Mind Puzzles is process-oriented rather than subject-matter 
oriented and can be used whenever the objective is to develop thinking skills and processes rather 
than to acquire knowledge. The programs are designed for individual or small group use by 
students in grades 6-9. The program emphasizes a discovery approach to problem solving, and n 
encourages students to use the computer as an exploratory tool. 

Mazes ofRodentia presents students with a number of mazes of varying complexity. 
Students must successfidly navigate the mazes in order to win a tournament The tJ are three 
different winning categories. To succeed, students must exit a maze with the fewest number of 
moves. 



In Queen Bee ofMenta, students exp! « programs to discover the secret code which 
involves a 4 x 4 matrix of symbols and theii ^sociated screen displays. Screen displays include 
characteristic borders, movements, foraiations, and sounds. The exhibition of each type of 
characteristic is determined by the order in which the symbols are selected. 

A Top Ten Scores firame is part of each program. A Teacher Option enables teachers to view 
or delete the n?nies of the ten top-scoring players in each category. This option is available for 
both Mazes ofRodentia and Queen Bee ofMenta. 

Students can exit the program at any tin^ by pressing Esc twice in a row when the program 
is waiting for input 
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Hind Puzzles (Performance Aid) 



A. To get started: 

1 . Insert the Mind Puzzles disk, close the drive door and turn on the computer. (Or, do a 
warm boot by inserting the disk and depressing the Open Apple, Control, and Reset keys 
all at the same time.) 

2. Type in 1 and then press the Return key to choose Mazes ofRodentia. 

3. Type in Y to the next question. Take any notes you may need here: 



4^ First choose Maze Level 1 (Later choose 2, 3, or 4). 

5. Traverse and Record You will want to develop a systematic record keeping scheme. 
This is an important idea in solving many types of problems. 

6. What h^pens when a different aid is chosen? 



7. How is the highest score obtained? 



B. To advance: 

1. After returning to the menu, choose 2 and press Return for the Queen Bee o/Menta. 

2. Y (Return) to read about the hxrtory. 
N (Return) to receive training. 

3. Begin as an Apprentice Bee Keeper, Level 1. 
Go through the tutorial. 

N (Return) to the next level of training. 

4. Nov become trainftd as an Apprentice Bee KeeF<5r, Level 2. You will need to develop a 
record keeping jcheme. 

5. After that training, accept the challenge of 3 (Return). 

Use your record keeping scheme to gather data about these lour new symbols 
and each of their attributes. 

^ v^^^ M/idPwzzfe^ software from MECC is accompanied by a booklet contal^iing some good 
#^support materials. Look through the booklet from MECC for a more thorough understanding 
of this disk. In the booklet you will find sample recording sheets that can be provided to 
students. Whichisbetter-providingstudents with recording sheets, or askin, them to 
develop their own recording sheets? 
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Problem-Solving Software 
for Mathematics 



Here is a short list of some problem- solving software currently available that is generally 
acknowledged to be of good quality. 

Sunburst Communications. 39 Washington Ave., Pleasantville, NY 14850 



The Factory 

The Super Factory 

Geometric Supposers 

High Wire Lok^: 

The King's Rule 

Puzzle Tanks 
Safari Search 
Teasers by Tobbs 
Semcalc 

Interpreting Graphs 



Spatial relationships, multiple solutions. 

Three dimensional visualization and rotation. 

Geometric concepts. There are several major 
pieces of software in this series. 

Deductive logic, Boolean operations, critical 
attributes. 

Inductive reasoning, numerical pattern and 
relationships. 

Math and logic skills, multiple solutioiis. 
Deductive reasoning, analysis. 
Problem solving. 

Working with a variety of units in word 
problems. 

Graphs are given and the user must find the 
situation that has been graphed 



The Learning Company. 4370 Alpine Rd., Portola Valley, CA 94025 

• Gertrude's Puzzles Spatial relationships, critical attributes. 

• Moptown Hotel Sequences, deductive reasoning. 

• Rocky's Boots Logic, spatial relationships. 
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MECC Software. 3490 Lexington Avenue North, St. Paul, MN . ^126 

• Problem-Solving Strategies Looks at exhaustive search, trial and error, 

making lists and tables, and simplifying the 
problem. 

• Math Vol. 1 Eight programs to solve math problems for 6th 

grade on nn. 

• Math Vol. 4 Thirteen irrograms for Algebra n - Trig students 

on up. 



Conduit. The University of Iowa, Oakdale Campus, Iowa City, lA 52242 



Graphing Equations Problem solving through graphing. 

(Green Globs) 
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Rocky's Boots 

(Grades 2 - College) 

Rocky's Boots is logic-oriented problem-solving software. It is in a game format where the 
"player" moves from room to room as he or she learns what each piece does and how to connect 
thera There arc six sections, each with varying numbers of rooms, which increase difficulty as 
you go up. Some of the skills involved include: activating targets, ider,tfying positive and 
negative values, recognizing and avoiding glitches, building and debuggng circuits, classifying, 
abstracting and inferring, applying Boolean logic to solve problems, and using combinatorial 
logic. You will need a color monitor to use this piece of software. 

When using this software for demonstration, it may be helpftil to copy pages 25 and 26 of 
the manual that accompanies the software for a handout. These pages give a screen picture and a 
short description of each section. 

The package comes with a diskette and a student handbook. There are versions available for 
Apple, Commodore, IBM, and Tandy comnuters. Rocky's Boots retails for $49.95 and is 
available from: 

The Learning Company 
545 Middlefield Rd. 
Suite 170 

Menlo Park, CA 94025 
(800) 852-2255 



Gertrude's Puzzles 

(Grades 1 - 6) 



Gertrude's Puzzles is a problem-solving program that builds basic thinking skills. It is an 
exploratory game in which students j^olve puzzles. To play the ^ame and solve the puzrJes, 
players must understand and use the attributes of the playing pieces on the screen. They do this 
by following rules of classification and ordering based on color and shape. As they move 
through the various rooms, they can control the environm'*,nt by choosing whicn puzzle to ^olve 
and the level of difficulty. You will need a color monitor to use this piece of software. 

When using this piece of software for demonstration, it is helpful to have pages T7-T9 from 
the documentation ready for handouts. These pages contain screen pictures of the eight rooms as 
well as a short explanation of what can be done in each room. 

Gertrude's Puzzles comes ^vith a diskette and student handbook. There are versions available 
for Apple, Commodore, and IBM computers. Gertrude's Puzzles rv^tails at $44.95 and is available 
from: 

The Learning Company 
545 Middlefield Rd 
Suite 170 

Menlo Park, CA 025 
(800) 852 - 2255 
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High Wire Logic 

(Grades 5-9) 



High Wire Logic is a gaiM based on Boolean logic. There are two options in a game netting. 
Some of the skills involved in this piece of software include, working with higher order niles, 
identifying multiple solutions, scanning for clues and hints, making organized lists, and 
examining assumptions. You will need a color monitor to use this piece of software. 

The PRACTICE option introduces and allows students to practice six logic types: and, or, 
and-or, and-and, or-or, and the exclusive or (xor). The PLAY option shows students two sets of 
colored shapes; one set is up on a high wire, the other set falls to the net below. The shapes on 
the wire fit the rule. The shapes in the net do not fit the rule. Students are challenged to write oi^ 
many rules as they can that fit the shapes on the wine but not the shapes in the net The more 
difficult the logic type used, the higher the points awarded for each correct rule. 

When using this piece of software for demonstration, it may be helpful to have pages ^8 
from the documentation ready to pass out to participants. These pages have screen pictures and a 
short explanation of each rule. 

High Wire Logic Ci)mes with two diskettes and a teaching guide. It is available for the Apple 
computer and retails for $59.00. It is available from: 

Sunburst Communications 
Room D 7575 
39 Washington Ave. 
Pleasantville, NY 10570-9 
(800) 431 - 1934 



Teasers by Tobbs 

(Grades 4-10) 

Teasers by Tobbs is a problem-solving program that provides drill and practice for addition 
and multiplication facts. The game is in the shape of an addition or multiplication gnd The gnd 
presents a series of math problems, each with a missing iiumber. Students decide which number 
can't be, might be, or must be die correct solution. Students can play solo or in groups and a 
score is kept There are six levels, each one advancing in difficulty. 

Teasers by Tobbs comes with two programs, a diskette, teaching guide and back- up dii>kette. 
There arc versions available for Apple, Ataii, TRS-80, EBM, and Commodore computers. 
Teasers by Tobbs retails for $59.00 and is available from: 

Sunburst Communications 
Room D 7575 
39 Washington Ave. 
Pleasantville, NY 10570-9 
(800)431 - 1934 



Cl3 Notebook • 4.4.4 Handouts • PageS 



The Factory 

(Grades 4-12) 



The Factory is a problem-solving visualization game designed to teach several strategies, 
working backwards, analyzing a pnx:ess, determining a sequence, applying creativity, visual 
reasoning, and rotation. There are three levels. The first level allows students to experiment with 
three machines. The second level allows a student to make a product and challenge other students 
to produce that product At the third level the computer creates a product ord the student must 
produce it. 

The Factory comes with three programs, a diskette, teaching guide, and back up diskette. 
There are versions for Apple, Atari, Commodore, TRS-80, and IBM computers. There is a 
network version available. The Factory retail"; for $59.00 and is available from: 

Sunburst Communications 
Room D 7575 
39 Washington Ave. 
Pleasantvilie, NY 10570-9 
(800) 431-1934 



MECC Math Volume 1 

(Grades 3-6) 

This software package gives students experience in using basic logic to master elementary 
math concepts. There arc thre different games available. Students interpret clues as they try to 
guess a secret number, track down a "hurkle" hiding on a coordinate grid, or confront a 
factor-grabbing fiend 

MECC Math Vol. I comes with a diskette and a teacher's guide. It is available for the Apple 
computer. MECC Math Vol. 1 is available from: 

Minnesota Educational Computing Corporation 
3490 Lexington Ave. North 
St. Paul, MN 55126 
(612) 481-3500 

Note that many states, provinces and school districts have MECC site license contracts. The 
license allows multiple copies of software to be made for classroom use. 
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Your Name 



Game of the Week 

L Ask your students to give you an example of a real life situation outside of school in which 
they have had to use the types of math skills and content being taught in the math course they 
are currently taking. Also, ask them to provide an example of an application of these math 
skills fix)m another class (not math class) sometime during the current school year. 



OR: 



2. Write down some examples of what you do in the classroom tha. facilitates transfer of 
learning. (If you have never asked your students what could be done in class to helo 
increase transfer of learning, you might try doing that and then discussing the results.) 



ERLC 
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Game of the Week Outcomes 



This is not intended as a handout Rather, it is a brief discussion to give the inservice facilitator 
some ideas on what outcomes may be expected from the Game of the Week. There were rsvo 
chc ces for this week*s game. 

1. Ask your students to give you an example of a real life situation outside of school in wLich 
they have had to use the t>^s of math skills and content bemg taught in the matl/ cuorse ^hey 
arc currendy taking. Also, ask them to provide an example of an application of ti:ese math 
skills from another class (not math class) sometime during the current school year. 

To a large extent, students gave responses bases on math skills learned prior to their current 
course. Typical answers ftom middle school students (grades 6-8): 

- Do +, X, / of whole numbers ,decimals, and fractions for: 



• shopping 

• counting items 

• keeping score 

• checkbook balancing 

• saving money 

• differences in dates/time 

• home ecfcooking/calories 

• dividing people into groups 

• bills 

• how many pages left to read 

• locker combinations 

- teaching 

- conaputer class/ganies 

- playing chess/cribbage/monopoly 

- measuring/metal shop/building something 

- finding arca/scaling/drawing/archiiecturc 

- computer circuits on a chip 



• telling time 

• checking lunch money 

• taxes 

• profit making 

• comparative shopping 

• science — timin/^/measuring 

• figuring out gnxies 

• averages/sports /pep. density 

• interest 

• estimating 

• mileage/distan^re 



High school students answered as follows: 

- finding discounts 

- centering a nodrror/caipentry/architecturc 

- probability questions 

- prograniming graphics on a computer 

- analyzing problems for solutions/what method to use 

- reading and interpreting tables 

- formulais and when to use them 

- doing two column and algebraic proofs 

- making graphs/scale drawings/maps 

- in science/forensics 

- planning a trip/distances 

- proportions 

- changing FahTenheit to Celsius 
" cooking 

- paychecks 

- surveying 

- rate of change 

- arfco, volume, work 

- games/sports 

- enough money/age/bank accounts 
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Write down some examples of what you do in the classroom that facilitates transfer of 
learning. 

recipe adju*:tment 

kids compute own percentage for quiz grades 

^ve practical, real life situation story problems and problem-solving problem^, 
simulations (e.g., cost of a home with interest held constant) 
have students look for patterns, guei;s at answers, sketch 
break down a difficult problem into a series of easier problems 

give questions resulting bom the answer to the problem to make them think about Jie problem 

numerical guessing games 

cut and paste/ making models with polygons 

use materials finom the real world (newspapers, checks, etc.) 

do scientific experiments that relate to math formulas or concepts 

applications in real life that involve students whenever possible 

assign problems where students must use prior knowledge and the current lesson in order to 

complete the assignment 
average and sort data 



» 

4 
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4.4*5 Materials 



These sample lesson plans are designed to be used with students at a variety of grade levels. 
They nsprcsent of the types of activities that can be done with students after learning the material m 
Session 4. 

Inservice facilitators will want to use some of these materials during the session. If the session 
is more than two hours in length, it is appropriate to have participants work through a number of 
these student activities. 



Index to Materials Page 

(LP) Off-line Problem-Solving Activity 2 

(LP) MECC Math VoL 4 4 

(LP) The Factory 5 

(LP) Problem-Solving Strategies: Diagonals 7 

(LP) Teasers by Tobbs 9 

(^^)TicTacShow 10 
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Off-Line Problem Solving Activity 
(Jigsaw Puzzle) 



Descnpdon: 

Topic: Problem solving — Hypothesis Posing 
Grade level: 2-12 
Time: 3-5 minutes 
Grouping: Whole group 

Materials: Letters that spell a word with each letter cut into puzzle pieces. 
Objectives: 1. No single student can solve the problem from the start 

2. All sti^dents participate. 

3. Students develop group building skills of communication, cooperation, and trust. 
Before you start: 

Select a word such as COMPUTER, or PROBLEM. Cut out the letters of the word selected in 
large block format, with individual letters being perhaps six inches high, and the "lines" making up 
the letters being about an inch wide. Then cut each letter into several pieces using a jigsaw cut. 
Now you have a jigsaw pu2zle which assembles into a collection of letters, and the letters can be 
formeid into the original wor± 

Lesson: 

1. As students come into the classroom, hand each stadent one or two ;3ieces, so that all 
pieces of the puzzle get distributed Do NOT explain the problem to hem. 

2. Make observations about what students aie doing with pieces and state those out loud 
"Jane is holding up her piece." ^ :k is turning his around and flipping his piece." 

3. Encourage anyone who is trying to combine two pieces. Allow students to move to 
combine pieces cr check a fit 

4. Once a couple of students begin to recognize that letters can be formed encourage tl. - rest 
of the students to engage in forming letters. 

5. At this point students may decide that the letters can be combined lu spell a word 
Typically, someone takes over Iradership and arranges >ie letters. If not. a question to ask 
might be "What can you do with these letters now?" The teacher can then write the letters 
on tlie board for all in th^ class to see. 

6. Debrief the activity. Have students verbalize the steps in the pre bIem-£ Mviag process. 
Reinforce the concept of problem posing. There were two problems; what Lhe pieces were 
for and what the letters combined to make. Reinforce group cooperation, con*munication, 
and trust 
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Follow-up: (Other prob. -solving activities) 

1. Ask students to arrange themselves alphabetically without speaking. 

2. Students arc blindfolded and then asked to anange themselves by height withuut ^p^aking. 

3. Form a circle of four students Holding hands. Bring all hands to the center, let go of those 
hands, and take hands finom elsewhere in the circle (no two pri.-ple holding only each 
other's hands). Now untie the knot to form a circle without letting go of hands. Seme 
studentiJ may end up facing the outside of the circle. Now form a group of five or more 
students and repeat the activity. Is it possible to untie a circle of six si^^Jents? 

4. Any problem which meets the^-t conditions: 

a. No one person can completely solve the problem alon^. 

b. Communication is requiied in some form for the problem to be solved. 

c. Movement of materials or students, 
d Takes less than five minutes. 
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MECC Math Vol. 4 



Description: 



Materials: 



Topic: Problem Solving 
Grade Level: ll-CoUege 
1in»: Varies 

Grouping: Demonstration or Individual Use 
Objectives: Using the computer to solve 



Software: MECC Math Vol. 4 
Equipment: Apple and monitor, 
data disk. Printer ( opticnal) 



complex equations. 



Before you start; 



Select problems that would be very time consuming to solve manually. 



Lesson: (Sequence of instructional activities) 

• Students then use the proper program to solve the problem. 

• Problems that encourage changing the parameters or function values should be posed 

• Use real world problems and have students 5nd methuds for solving these problems. 

• Have them compare the efficiency of the various methods. 

FoUow-up: 

• Have students find real world problems that would be very difficult to solve without the 
help of these programs. 

• What other areas of mathematics should use the computer as an aid to solve the problem? 

• Where in the real world is the computer used to solve problems? 



Comments: 



Each of these programs has a very specific format It will be necessaiy to spend .some time to 
understand the proper inputs. 
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The Factory 



Description: 

Topic: Thinking Backwards 

Grade Level: 3-12 

Thm: One or more 15 min sessions 

Grouping: Whole class or groups of 2 or 3 

Objectives: 1. Thinking Backwards Strategy 

2. Exercise Spatial Relations 

3. Sequencing Steps Strategy 

Before you start: 



Materials: 

Software: The Factory by Sunburst 
Equipment: One or more computers 
Other materials: concrete aids 
or problems 



* 1. Do a problem in class that is best done by thinking backwards. Here are two examples; 

a* Seymour left a plate of brownies to be equally divided among Jim, Judi, and 
Larry. Jim took his share to his room. Judi did not know Jim had any so she 
took what she thought was her share. Larry came in and not knowing that Jim 
and Judi had taken cookies, took his share. This left 8 cookies. (Answer not 
given. This could be done with real brownies.) 

b. Begin with a graph aiid figure out the equation that the graph represents. 

2. Do a problem that requires some spatial manipulating. Examples may be found in many 
different puzzle books. 

3. With a large screen monitor or projection system, and using The Factory ^ under Make a 
Product, have the whole class determine how to make one easy product. This allows >ou 
to work on vocabulary, discuss sequencing, and verbalize strategies. 

4. This is a continuation of 3. Have the students close their eyes. Describe three machines m 
a particular order. Students are to visualize the product that the machines would produce 
and then draw their predictions on paper. Then use The Factory lo check their predictions. 

Lesson: (Sequence of instructional activities) 

1. Worlang in groups of two or three students, go to the machine and design an easy product. 

2. After students ha^e all designed an easy product, have students work in groups of two or 
three to create a more diflficult product 

3. Students design a factory on paper. Predict their product. Test out the factory design and 
check how close they were to the prediction. 



ERLC 



4. Students challenge others to design a factory that produces their product. 

5. Students come up with other examples in everyday life that require tiie Thinking 
Backwards strategy. ^^S' 



Follow-up: 
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Follow-up: 



1 - Select problems that would be very difficult to solve without lots of calculation or tune, and 
have students identify when Thinking Backwards is the appropriate strategy. 

2. Do some imagery exercises with vaiious problems in the future. Just have students close 
their eyes and form the appropriate images for a certain setting and then begin the 1 .^on. 

Comments: 

Visualizations are helpful in developing concepts. They provide a deeper understanding of 
matheniatics. The ability to visualize and manipulate shapes can be developed through practice. 

Research evidence suggests that students get better at spatial visualization through practice. 
Also, spatial visualization skills ait useful in attacking a wide range of math problems. There are 
innumerable activities that you can ask your students to do that wSl provide practice. For exan .le, 
ask your students to work from memory and: 

• Draw a floor plan of where they live, 

• Draw a map of a route from v/here they live to the school. 

• Draw a floor plan cf the school. 

• Sketch a picture of a friend and give details of how the friend was dressed yesterday. 
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Problem Solving Strategies: Diagonals 



Description: 



Materials: 



Topic: Problem Solving Strategies 

Grade Level: 5-9 

Tune: 

Grouping: Demonstration; divide the students 

into groups of four. 
Objectives: Learn tfuee problem-solving strategies: 

L Trial and Error 

2. Simplifying 

3- Exhaustive Listing 



Software: MECC Problem Solving: 
Strategies: Diagonals 
Equipment: Apple computer, monitor 
Other materials: Dodecagons drawn 

on handouts for student 



Before you start: 



This can be part of a problem solving unit or done as an individual lesson. You may review 
basic geometric parts (e.g., sides, vertices, and diagonals) before the lesson or let the program do 
it 



• Lesson: (Sequence of instructional activities) 

Demonstration: Use the tutorial aspects of the program for a demonstration. Students work oi. 
the problem individually as the program asks questions. The sequence of steps is: 

L Have you used this program before? Answer No. Then do the tutorial on dodecagons. 

2. Progiam will go through the following strategies: 

a. Trial ard Error Have the class guess the number of diagonals. 

\ Make an Exhaustive Listing — Students work at their desks and try to list all the . 

diagonals. Do they get them all?, leave some oat? 
c. Simplifying the Problem — Students will make a table and find the number of 

diagonals in a triiingle, square, pentagon, hexagon, etc., trying to find a panem. 

Student Groups: Divide the class irto groups of three or four students. 

1. Teacher mtroduces the problem and reviews the vocabulary (dodecagon, sides,vertices, 
diagonals). 

2. From the main menu of the program Diagonals choose the strategies you wish to 
explore. 

a. Trial and Error— Uslv^ each gr^up guess the number of diagonals. Ask if they ..sed 
any strategy- theL guessing. 

b. Exhausnve Search — ^Divide the groups so that there is a recordkeeper to keep uack 
of all of thr. diagOjiaJs. 

c. Simplify the Problem — recordkeeper is needed to make a table. Everyone in the 
group attempts to find the fomiula for the pattern. 

3. Ask the class to decide when each strategy is most appropriate. 
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Follow-up: 

Have the class extend their answers to find the number of diagonals in 1 5 or 20-sided 
figures. Use these strategies with other kinds of problems. 

Comments: 

This program could be run by groups of students as a tutorial. This weU-duected program 
does not need teacher supervision. ^ ^ 
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Teasers by Tobbs 



Description: 



Materials: 



Topic: Problem Sol^/ing 

Grade Level: 3-9 

Tiire: 5-7 min/l'^"^el 

Grouping: 2 per computer 

Objectives: Use problem-solving strategies such as: 



Software: Teasers by Tobbs 
Equipmeni. Apple Computer 
Other materials: scratch paper 



1. Guess and Check 

2. Inductive Reasoning 

3. Thinking Backwards 



Before you start: 

Smdents should know their addition facts before asmg the addition portions and meir 
multiplication facts before using the multiplication portions. 

Teasers by Tobbs is sequenced to take the user from beginning drill through deductive 
reasoning. The reir^'orcing drill allows students reinforcement of their arithmetic facts and time to 
adjust to the fonmat of the program and the computer. 1 ne later levels of difficulty present problem^ 
in a "backwards*' :)resentation and lead into deductive activities. 



Lesson: (Sequence of instructional activities) 

1. Smdents should proceed through the different levels at their own pace, 

2. The teacher can ust ♦he program for demonstration, reinforcement, and strategy 
clarification at differe.it pc .ts during the year, 

3. Instead of asking for the answer, ask for the two numbers that form the mswer where 
Tobbs is sitting. 

4. This can be used in an introductory Algebra course, as the higher levels ' jxxiuce solving 
equations and the concept of variables. 



Have students design aritiimetic grids similar to those in the program to challenge othen> in the 
class or other classes. 

Comments: 



Stress the analysis of the strategies used to solve d^.c problems. Get stude'^ts to verbalize the 
strategies and understand that multiple correct solutions exist to any given problem. 



FoHow-ur 
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Tic Tac Show Lesson Plan 



Materials: 

Software: Tic Tac Show by Advanced 
L ^uipmeni: One or more computers 
Other materials: Student questions on 
paper 



Description: 

Topic: History, Science etc. 
Grade Level: 4-5 
Time: 20 min + 20 min + 20 min 
Grouping: 2 or 3 students woridng together 
Objectives: Students design a quiz, take the 
quiz, and revise the quiz 

Before you st^H: 

• This can be one group or many different groups. 

• Students will design a quiz containing questions relative to a specific topic and supply all 
the right answers to the questions. ITiey must keep in mind that the questions will be given 
to the whole class. 

• Select the topic or source of content to be quizzed 

• Students should have played Tic Tac Show. 

Lesson: (Sequence of instructional activities) 



1. 
2. 
3. 
4. 

5. 
6. 



Students write up 10 questions. 

They write all the possible correct answers to the 10 questions. 
They enter the questions in the editor for ^ic Tac Show and then save the file on disk. 
They play the game and check their quiz with corrupt and incorrect answers, taking 
notes on any possible changes. 

Students then go back to the editor and revise their questions and answers. 

Tlie teacher now plays Tic Tac Show with the whole class as a review before a quiz. 



FoIIow-up: 

1. Quiz someone else's room with the msierial. 

2. Have students from another room design a quiz for your room. 

3. Have the students present the quiz at a PTA or PTO meeting. 

Comments: 

The major purpose of this lesson is to have students analyze their wording and become 
comfortable v^ith revision. Some additional products include the reali.tation that often questions 
have more than one acceptable right answer (e.g.. What is 3+4? Some possible answers mclude. 
Seven, 7, VII, 2 + 5, 8 - 1, a lucky number, and 4+3) , analysis of what content is important in a 
section, and student cooperation. 



ERIC 
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4.46 Readings 



Note: The December 1988 issue ofThe Computing Teacher, which is published by ICCE, is a 
theme issue focusing on Thinking Skills and Problem Solving. Some of the anic'^s from this issue 
of The Computing Teacher might make suitable handouts for a workshop. 

The book Computers and Problem Solving: A Workshop for Educators^ by David Moursund, 
(published by ICCE) contains a large number of activities that can be used in an inservice 
workshop. 

The Teacher's Role ia Usins the ComDuter 
to Teach Thmkmg Skills 



by 

Robert M. vr i Deusen and Je?n Donhani 



[From the December/January 1986-87 jsiie o/The Computing Teacher. Reprinted with 
permission.] 

We teachers have complained about the quality of instructional software for some time. But 
our complaint is beconoing less valid as software developers have begun to identify a canicular 
niche for the computer thinking skills. Attempts to teach thinking skills in the context of social 
studies, science, or literature arc sometimes unsuccessful because in the struggle between teaching, 
content and teaching process, content often wins. What is needed i^ a manageable environment ii* 
which the focus can be placed on process — the thinking skills. 

How Do We Create Such an Environment V7ith a Comp (ter? 

As educators, many of us have tended to assume that for students to learn with a completer, 
they must be seated at it, Itands on. There are indeed situations in which that is appropriate. 
However, if the teacher is to play an active role in focusing on skills and strategies, then the teacher 
must be interacting with students and the cor^uier. To teach thinking skills, such teacher direction 
is essential A 25-inch monitor for the iitudents, one computer, and a small monitor for the te.^-^her 
is an appropriate anangement The teacher can then run the program and direct the instruction, 
focusing on the targeted thinking skills, labeling those skills, and increasing the probabiLcy of 
transfer. 

Appropriate software can help the teacher create a manageable environr.ient to focus on 
thinking. The following criteria can assist in choosing this software: 

• Does the software focus on significant thinking skills as its objective? 

• Arc there multiple levels of difficult> so that the teacher can adjust to students* needs? 

• Arc there multiple solutions that vary in sophistication? 

• Does the software have multiple problems so that it can be used repeatedly? 

• Is the software designed for a cooperative, non-competitive environment? 

Most software designed to teach thinkin kills does so within a specific situation that can be 
effectively modeled with the computer. Fi^^w 1 lists examples of exemplary software with which 
to teach thinking skills. Avoid the assumption that software teacher. It is the teacher who teaches, 
the software is only the mediiim. 
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What Does the Teacher Need to Do? 



As with any instructional material, the teacher must personally learn how to use the software 
first. Learnmg tlie software is always composed of two parts, learning the mechanicb of the levels, 
choices, exit mechanisms, and help systems which allow one to move between the vanous 
components of the progi-am; and understanding the learning objectives of the program, what is it 
iesigned to teach? How can the teacher facUitate that learning? And what kind of questions should 
the teacher ask which will cause students to actively develoo the structures and insights this 
program is designed to encourf>.ge? This second component— the teaching component— is otten 
totally neglected. This often recurs when teachers assume that software teaches. Teachers teach, 
and m crder to effectively do so, they need to know where they arc going or thev re liable to end up 
somewhere else. 

"Wliere teachers are going" is in search of thinking processes, not in search of right answers. 
Consider, for example, 5earc/i fk>m Sunburst Communications. Safari Search was 
designed to teach deductive logic, analysis, and hypothesis formation and t<. .dng. A 5 x 5 gnd s 
presented, behind whxh hide one or two animals. Each cell of the grid will display, upon being 
chosen, relevant information about the direction of or proximity lo tliC hidden animal(s). It is, of 
course, \hG process of determining the I'^ation of the animals, the language -^sed tc explicate that 
process, and the thinking behind that language which the teacher wants students to expenence. 

If the teacher has woriced through the program as a learner and then epped back to analyze the 
process used, it is often clear that a model or manipuJaf-ve would aid the student while using the 
software Physical models or paper/pencil two-dimensional semi-concrete models can aid in the 
development of diC concept or strategies being learned. 

For example, when using 'Hie Learning Company's Moptown Parade at Level 6, n is very 
desurable to use physical manipulatives of tlie 16 possible Moppets (two heights, two weights, two 
colors, and two kinds). In Level 6 students line up the Moppets, changing one, two, three, or four 
attributes between each of the five Moppets in the parade. Learners bentfit significantly by actually 
movuig the manipulatives and checking to see if each differs by the specified number of attributes 
While «ome students will limit themselves to a "guess and check" strategy, others will progress to 
Mialysis, generalization, elaboration and synthesis ihrougl. the use of manipulatives. Tms focus on 
the process of learning through actively manipulating the nnvironme.it and creating their own 
icno ''ledge allows students to connect the artificially divided compartments of learning mto a fabnc 
or related elements. 



r 



Tall Fat 
Red Bibbit 



CO. 



r 



--n 



Tan Fat 
Blue Bibbit 



Tall Fat 
Blue Grippit 



Short Fat 
Blue Grippit 
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While working through the learning objectives, the teacher may divide the students into 
cooperative groups to gather and organize data, form and test hypotheses, make generalizations, 
elatorate, find multiple solutions, or even write an algorithm for the general solution to the class of 
pn)blem. Cooperative groups allow students to develop their own theories on the problem and iv> 
possible solutions. In addition, students who are frustrated at a given stage in the problem- solvmg 
process have the opportunity to retrace and clarify ihe process with peers. Cooperative groups also 
limit the impact of those students who might divulge the essence of the solution before others have 
had time to process. 



Program 


Targeted skills 


The Factory 
(Sunburst Ccmmu' ^'cations) 


Spatial relationships problem 
solving, multiple solutions 


The Incredible Laboratory 
(Sunburst Communications) 


Hypothesis testhg and 

\ rmation, ore ization of data 


Safari Search 
(Sunburst Communications) 


Deductive reasoning, analysis 


The King's Rule 
(Sunburst Communications) 


Inductive reasoning, numerical 
patterns and relationships 


Moptown Parade 
(The Learning Company) 


Sequences, p^'oblem solving, 
deduction, .^tical attributes 


Teu irs by Tobbs 
(Sunburst Communications) 


Problem solving 


oenruoe s oecreis 
(The Learning Company) 


Spatial relationships, critical 
attributes 


High Wire Logic 
(Sunburst Communications) 


Deductive logic, Boolean 
operations, critical attributes 


Word-a-Mation 
(Sunburst Communications) 


Word relationships, pre-analogy 


Puzzle Tanks 
(Sunburst Communications) 


Problem solving multiple 
solutions 


Figure 1. 

Software for Teaching Thinking Skills 



The teacher's role in questioning throughout the process is critical. Thinking out loud is an 
important aspect of teaching thinldn^ ,jdlls. Teachers can demonstrate effective strategies foi 
problem solving by creating an environment in which all thinking is thinking aloud Often a 
three-step questioning approach is useful. What do you think? establishes the students' posinons. 
Whether right or NVrong, the follow-up needs to be asked: Why do you think it? This elicits the 
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rationale behi, the students' thinking. Follow-up questions which explore excepaons, bpecial 
cases, and app. u contradictions will cause students to push their own thinking as far as it can go. 
The third question, How did you figure it out? asks siudents to relate the steps or processes U5.ed in 
arriving at the stated position. 

The teacher must pursue all three steps. Whether the initial answer to the "What do you think.' 
question is right or wrong is irrcl" ^nt. The answers to the final two questions are much more 
revealing than tl»ft answer to the fi question. 

The teacher's role in the model shifts torn evaluator to facilitator. A metaphor may help to 
clarify the distinction. The leader of a mountain-climbing expedition has choices. She or he can 
climb independently to the top and extol the beauty and virtues of the mountain, and then try to pmi 
everyone else up the mountain; or can work with tiie climbers every step of the way as a fellow 
mountain climber, albeit one with more experience and knowledge. It is this latter technique, thdi the 
computer allows, with teacher and students as allies. What do you uhink we ought to try first? 
Why did you choose that? What will happen if tve do this? How did you figure that out? What 
else could we do? Do you agree or disagree with that? Why? How else couid we solve this? Is 
one way better than the others? How do you know? When students make suggestions, the teacher 
must resist being the evaluator— the answer-giver. Rather, the teacher should ask questions to 
explore the thinking and then test the student's suggestion on the computer. The computer will 
provide the feedback. Why do you suppose that didn't work? What could we do differently next 
time? Why do ^ ou think that will make a difference? What's different about your two responses? 
What's the same? Which difference is critical? How do you know? These questions help students 
to monitor their own thinking. 

When the teacher assumes the role of guide rather than director, students experience atntudinal 
change— they are more willing to take risks, to try different approaches. Risk-taking is encouraged 
when the teacher's responses are characterized as accepting, building upon, integrating, and 
extending student ideas. If nsk-taking is encouraged in the classroom, the process of learning will 
in feet produce learriing. 

How Does the Teacher Encourage the Transfer of Learning? 

The computer can help create: a manageable environment for focusing on skills. But ai some 
point those skills need to be applied in a new environment if they are indeed to be learned. Transfer 
of learning torn one situation to another is not automatic; it requires teacher direction. A critical 
step in effective teaching is to apply the skills or strategies taught in the computer-assisted lesson to 
other situations. For example, suppose the teacher has been using Sunburst's The incredible 
Laboratory to focus on hypothesis formation and testing, and those same strategies apply in science 
units, McGraw HiU's Elementary Science Study (ESS) "Mystery Powders," for example. It is the 
teacher's role to make the connection, to say, "Remember when we " 

The computer has been derided by many as a passing fad, as a resurrection of teaching 
machines, as a toy, and as replacement for flash cards and workbooks. But the surge in 
development of software for teaching thinking skills suggests we may now have a way lo teacn 
skills we had not been able to teach effectively before computers. 

Barry Beyer from Geo-ge Mason University has related research on how we learn skills to the 
teachmg of thmking skills specifically. Several of his findings are relevant to the teacher role 
discussed here. Beyer's research suggests that any skill is best learned when learners; 

1. Are consciously aware of what they are doing and how they do it. The 
teacher-directed learning and questioning strategies recommended here help create thai 

, consciousness for learners. 

2. Are not distracted by competing input. The micro»-osm created by the software 
ebminates distraction and focuses on specific skills and strategies. 

3. See the skill modeled. The teacher, taking a collaborative position, can model the 
skill(s) relevant to the specific software. 

4. Verbalize iheir processes as they engage in the skill. The How do you know? 
and Why do you think that? kinds of questions encourage this. 
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5. Receive opportunities to practice the skill in contexts other than that in 
which the skill was introduced. The teacher's efforts to facilitate transfer — by 
relating skills learned to content area activities — is critical for transfer of learning to occur. 

Teaching thinking skills must be deliberate; we cannot expect such learning to occur by 
seating smdents at computers to independentiy experience even the best software. The teacher b 
role is the critical factor for capitalizing on the instructional potential of niicrocomputers. 
Remember: Teachers teach. 



[Robert M. van Deusen, Grant Wood Area Education Agency, 4401 6th St. S.W., Cedar 
Rapids, LA 52404; ?sid Jean Donham, Iowa City Community Schools, 509 S. Dubuque St, Iowa 
City, lA 52240.] 
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4.5 

MATH SESSION 5: DATABASES 



4,5J Narrative Overview 



Cc iputers are changing the basic namre of information storage and retrieval. Two major 
categories of computeiiz^ information storage and retrieve' .ystemb have been developed. The 
first is crUed a bibliographic information retrieval system. It is designed for the storage and 
retrieval ' articles and books, or references to articles and books. Many educators are familiar 
with the I- Jucational Resources Information Center (ERIC) system. It contains hundreds of 
thousands of references to educational materials. Material in the ERIC s>siem is indexed under 
key word descriptors. Usen of the system can retrieve both detailed citation information and 
abstracts of the articles in the system. Some bibliographic .systems contain the entire articles and 
books that people want to access. Decreasing costs of computer storage are making such systems 
more common. 

There arc now hundreds of commercially available bibliographic reuicval systems. Generall> 
they are accessed via telecommunications systems and are modei-ately expensive to use. Use of 
such systems is common at the graduate smdent and researcher level. In the past couple of years, 
use has begun to occm at the secondary school level The CD-ROM laser disc eventually will 
become common in schools and people's homes. Thus, ir is appropriate for all students to learn to 
use bibliographic retrieval systems. 

The second major category of computerized information retrieval system is isually called a 
database. A database typically is a collection of factual information organized into records 
fields. An example is provided by a teacher's gradebook. There is one record for each student. 
Each record is divided into a member of fields, such as score on first homework assignment, bcore 
on first quiz, score on second homework assignment, etc. An airline mservation system is a 
database with information about vach flight, the seats available, which ^eats have been sold, etc. 

Database systems are botn easy to use and easy to learn how to use. Even at the grade school 
level students can bam to use such systems i\nd quite a bit of instructional material has been 
developed By the upper elementary grades students can kiam to create their own databases, enter 
them into a microcomputer system, and use them to M)lve ^n-oblems. A number of school disincis 
have begim to integrate such computer use into their elementary or middle school curriculum. 

The topic of database is not cenixal to the current mathematics education curriculum. We 
devote one full session to the topic for two reasons. First, databases are a very important aspe^^t ui 
the computer field and.of computer applications to educ ation. Thus, we introduce the topic ao pan 
of general computer literacy for educators. 

Second, databases arc applicable aross the cuniculum as an aid to solving a wide variety of 
problems. A database is used to store, organize, and retrieve information. A number of interesang 
mathematical problems have con^ out of addressing issues of storage, organization, and retrieval 
of information. Ihc topic of sorting algorithms provides a good example. The mathematics 
underlying sorting is both fim and challenging. 

In this session we use the AppleWorks database program. One of the main goals of this 
session is to introduce participants to a database. Just like with spreadsheets, many of the 
participants will not have encountered computerized databases before. A secondary goal is to help 
participants leam about an "integrated" package — AppleWorks is an integrated software package 
that allows data to be moved easil' among its various applications. 

As computer literate educatoi., the participants sho»»ld know about databases and some of 
their uses. Calling up certain data, ordering data, and searching for data are just >ome of the thmg> 
a database can do. {Note: A calculator can be considered as a storage and retrieval device. A 
calculator with trigonometric and other functions is a substitute for bulky and hard to use math 
tables.) 
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Some questions concerning databases are: Will I be able to make use of a database m the 
mathematics curriculum? Will it make teaching a particular topic any easier/harder if I use one? 
Will 't make the topic any clearer to smdents? Can I use it for personal use in termi of grading, 
keeping records, or any other teacher activities? How can I mtegrate databases with what I'm 
teaching? 

There are no easy answers to those questions. But a gooJ starting point is to think about the 
fact that the field of madiematics makes progress tiirough building on the previous work of or-^-f^. 
Some of die mathematics we have students leain in school was developed more than 2000 years 
ago. But building on the previous work of others suggests information retrieval. "Instead of 
reinventing die wheel, FU do some library research on how 't was previously done." 

To what extent do we teach smdents to look up maUi materials and ideas in a library? How 
does the math you teach h^lp students leam to oake use o: the mathematical progress tiidt has 
occurred over die past 2000 years? What do students need to carry in their heads, and w^at do 
they need to leam how to look up in a book? 
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4*5.2 Script 



This script contains e ^ough material for substantially more than a twohour inservice. Thus, 
the facilitator will need to select a subset of it to present in the time available, (Most facilitators will 
also incorporate a number of their own ideas and materidls.) An example timeline for a two-hour 
session is given in the next section. It represents what was actuall> done by the NSF facilitators in 
one particular two-hour session. 



Theme 
Objectives 

Materials 



Organizing and retrieving data using a database 

1. Introduce the structure and format of a database 

2. Explore databases in an instructional foraiat 

3. Build a database from "raw" data 



Software 
AppleWorks 

Apple Presents AppleWorks 

Mind Puzzles from MECC 

Files: Organic Pies (AW) 
Software 86 (AW) 
Note that data for these two files is included in the Section 5.2.4 
Handouts for the inservice Session 5. You wiU need to create the 
two AppleWorks database files and enter the data into them. 



Handouts 

(LP) Buildin/ a Data Table 
(PA) AW Database IntrcKiuction 
(PA) Intro to AW Database 2 
(PA) Intro to AW D^ '..iseS 



Scissors, masking tape 

Butcher paper for making a data table 

Coostmction paper and marking pens 

o 

Refreshments 



.Assumptions It is assumed that participants know the basics of how to load 

AppleWorks and obtain a file from disk Hand out the Performance 
Aids and get participants to follow them in exploring the files aspects of 
AppleWorks. If some students have used AppleWorks quite a bit 
more than others, pair up experienced with inexperienced users. 

Pre-Class Hand out a copy of Mind Puzzles for each computer. 



Activity 
Build a database 
(15-20 Minutes) 



Purpose: Participants wiU create a simple database by recording 
data in free form, then transfer it into a table. The database to be 
constructed wUl consist of restaurants and their characteristics. That is, 
each record will consist of tiie name of a restaurant and its 
characteristics. Participants will use discove.7 techniques to build a 
suitable organization for the file and what fields each record might 
contain. 
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• Use masking tape to put a very large piec* of butcher paper on the 
wall in the front of the room. 

• Distribute full (or half) she^'% of constn'ction paper and marking 
pens to pairs of participanu. 

• Have each pair decide on a favorite restaurant and brainstorm a 
number of the important characteristics of tilie res^ lurant 

Scissors * Begin building the table by asking participants to cut out the name 

Masking tape of their rcstaurants and taping them along the left side of the butcher 

paper display. 

• Continue building the database by having participants decide on 
labels for some of the important characteristic of their restaurants, 
and putting them along the tOD of the butcher paper display. 

Debrief Review the process of transforming unstructured data into ordered 

data. Speculate on what hypotheses might be formed and investigated 
using tWs data. A very key idea in designing a database is to determine 
what problems are to be solved, what questions are to be answered, by 
use of the database. 

Activity Instructions on Handout or Oveiiiead: 

Queen Bee of Menta • Load Queen Bee ofMenta 
15-20 Minutes • Follow instnictions . 

• Play the simplest challenge in Queen Bee ofMenta. Note that this 
same piece of software was used in the session on Problem 
Solving. Her? the focus is on gathering, recording, and organizing 
information as an aid to problem solving. A database is merely a 
collection of data, A major theme in mathematics is gathering data, 
determining a pattern in the data, and using knowledge of the 
underiying pattern to solve a category of problems. 

Debrief As they use Queen Bee of Menta, reinforce the importance of following 

instructions in the tutorial. Once everyone has begun to organize the 
data in a table, pull everyone's attention from the computer to a group 
discussion. Have them explain what has occurred and how they fee). 
StaienKnts elicited could include: need to organize information, make a 
taole, too much information to keep in one's head. Then turn the focus 
from the software to the purpose of this session. P'articipants can 
check out Queen Bee ofMenta and take it back to their school to 
continue the challenge. 



Demonstration Use a large screen display to demonstrate looking at the records in a 

5 Minutes coniputer database and selecting records that have certain specified 

characteristics. The file used caa be one that participants will use later 

in the session or another one of your choice. 



Discussion Debrief the activity. What was the computer useful for? What other 

5 Minutes data might be added to database file to imke it more useful? What are 

some questions that seenj related to the database but that cannot be 

answered using the database? 



Break for Refreshments 
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Collect Logs 



• 



Activity 
30-40 Minutes 

Debrief 



Participants load up Apple Presents AppleWorks and work through 
the tutorial. Then continue by working witli the file Organic Pies. 

During or after the activity, ask the same types of questions mentioned 
earlier. What t:^^pes of improvements could be tr. 'fe to this database 
file? Some participants may be writing their guesses and computer 
responses on paper. How could this 'jc usee m problem solving? Can 
it change or present new opportuniries for son:e of the things we teach 
in mathematics? 



Note also that you may want to spend time debriefing the Apple 
Presents AppleWorks tutorial. What aie the good and bad features of 
these computer-assisted instruction materials? 

Activity Participants load the file Software 86 and answer questions by 

inaking appropriate use of this database. (Editor's Note: In a two hour 
inservice session, there won't be time to work in depth with two 
different databases* The facilitator will need to decide which of the 
available databases the participants should explore.) 



Oosure Depending on time, discuss where and how to use databases. In what 

sense arc the database ideas presented and explored dizring this 
inservice session appropriate mateiials to include in a secondary- school 
mathemiatics course? 




Handout and discuss the Game of the Week for next week. 
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4.5.3 Timeline 



This sample timeline for a two-hour inservice is based on the materials in 4.5.2. Have Apple 
Presents AfvleWorkSy AppleWorks, and the AW Sample Files disks avaiiabie. This particular 
umeline uses the Organic Pies file from the AW Sample Files disk. 



0:00-0:05 The participants are organized into pairs and given the favorite restaurant 

activity or^y as they arrive. 

0:05^:1 5 Use tlie butcher paper and facilitate participants in developing a restaurant 

database. During this process, discuss ideas about creation of a database and 
what types of problems might be solved using the restpurant dataoase. 

0:1 5-0:20 Finish debriefing the initial tivity; then give a very brief lecture on uanbases 

and their roles in problem solving. 

0:20*0:35 Participants work with the Quee.'i Bee ofMenta problem solving software, 

with major en^hasis being placed ^' . designing appropriate forms for 
recording data* The idea is that one records data (that is, creates a uesign for a 
database and enters data into the database) to help solve a specified category 
of problenis. 

0:35-0:40 Debrief the activity by having participants share some of the different data 

recording formats that they developed. Emphasize that there can be many 
diSterent databases design.ed as an aid to solving a specified category of 
problems or answering a specified category of questions. Two features of a 
well desig:ied database arc that it can be relatively easily used to address 
related but unanticipated questions, and that it can be extended (ex r^anded) to 
include related data that may be needed to answer additional questions 
s^ewhat related to the original type of questions the database was designed 
tci help answer. 

0:40-0:50 Give a >^ hole class demonstration cf using a database to answer a variety of 

2uestions or solve a variety of problems. (Make use of AppleWorks and the 
Organic Pies file.) 

0:50-1 *00 Dftbrief Game of the Week; let participants volunteer Informajon from 

themselves and their students. 

1 :00-1 21 0 Break. CoUect logs and Game of the Week. 

1 :1 0-1 '40 Have participants use Apple Presents AppleWorks and tlien go Into using the 

Organic Pies file with AppleWorks to answer some of the questions about 
organic pies. 

1 :40*1 :50 Debrief. Was it easy to use? What are some possible ec'ucational uses of 

databases? 

Explain the Game of the Week that is to be done during the coming week. 
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Get several volunteers to agree to take home copies of the geometry-oriented 
software (and its documentation) that will be demonstrated in workstations 
next session. Their duty is to woric with the software enough so that they can 
load and set up the software, do a demonstration run of it, and help ^swer 
questions. 

1 :50«-2:00 The project evaluate, will pass out surveys and give instructions. Participants 

may leave as they finish filling out the evaluation instruments. (Editor's Note: 
The NSF project staff included an evaluator. A formal formative evaluation 
of the mathematics sessions was done at the end of the fifth session. 
Participants were asked to provide quite a bit of information on tlieir opinions 
about die inservice sessions up to this point) 



^ Cl3 Notebook • 4.5.3 Timeline • Page 2 

ERIC 



4*5.4 Handouts 



These hand ^ arc needed by participaiits during Session 5. The facilitator may find it useful 
to Eoake some of these into overhead projector foils for use during the inservice. 

Parricipants making use of the Handouts in this section w need access to two AppleWc^ks 
databa.5 files. We have called one of them Organic Pies and the other Software 86. A listing 
each of the files is provide in tiiis secdon. You (the facilitator of the workshop) will need to 
enter the files into AppleWorks in an appropriate manner to fit die detailed Performance Aids given 
in tliis section. Put them on a disk tided AW Sample Files. 



Indeis: to Handouts Page 

(PA) AppleWorks Database Introduction 2 

(PA) Introduction to AppleWorks Database 2 3 

AppleWorks File Organic Pies , 5 

(PA) Introduction to AppleWorks Database 3 6 

Software 86 AppleWorks File 8 

(PA) Cutting and Pasting Fdes 10 

Gair« of the Week 1 1 

Game of the V/eek Outcomes 1 2 
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AppleWorks Database Introduction 



Part 1: 



The software that >ou are about to use is an example of Tutorial Mode computer-assisted 
instruction. As you use it, think both about what you are learning and also about the learning 
experience. Is this a good way to learn about AppleWo''!:sl How does it compare to the way 
AppleWorks and its spreadsheet were introduced to you during the Session 3. Spread:>heets part of 
this sequence of inservice sessions? 

Most likely you will want to go through this tutorial with pencil and paper readily available. 
Make notes on "facts" that seem worth while remembering, but which are not apt to stick in your 
mdnd from a single brief computer tutorial presentation. Be aware that the notes >ou arc taking are a 
type of database. 

L Get an Apple Presents AppleWorks disk and load it into the computer with side 1 facing 
up. 

2. A logo will appear on the screen and then be replaced by a menu. Introduction is 
highlighted on the screen. Press Return. 

3. A box will appear on the scieen. Every rime you are done reading, just press the Return key 
to go on. 

4. Go through the Introduction and press Return to go on to the Overview. When finished, 
go on to Gateway. Once you are finished with Gateway, press the Open-Apple and 
Escape keys simultaneously. 

Pause here. Let your inservice facilitator know thit you have reached this point. 
Then continue. 

Part 2: 

L The menu shouli be on your screen with Introduction highlighted. Type in the number 
4. The Database should now be highlighted Press Return. 

2. A new menu should be on the screen with Getting Started with the Database 
iiighlighted Press Return. 



3. A box will appear on the screen again. Each time you are done reading, press the Return key. 
Gi through the section on Getting Started. When you are fmis; id, press Return and go 
through the section on Arranging, Moving, and Updating. 

4. )Mien finished with that section, press the Open-Apple and Escape keys at the same time 
twice. 

5. The original menu should now be on your screen. Type in the number 5 and press 
Return. Remove the disk and put it in its sleeve. 

6. Now you will work with AppleWorks and a file. Go to the handout Intr jdnction to 
AppleWorks Database 2. 
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Introduction to AppleWorks Database 2 

1. Get the AppleWorks and AW Sample Files disks. Insert side 1 of 
the AppleWorks disk into drive 1 and put the AW Sample Files disk 
into drive 2. Close the disk drive doors. 

2. Follow the directions on the screen. (If there are none, oress the Open Apple, Control, 
and Reset keys at the same time). 

3. The AppleWorks logo should appear on the screen with a blinking cursor. 

4. Take the disk out of disk drive 1, turn it over and insert it again into drive 1. Clobe the disK 
drive door and press Return. 

5 Type in today's date and prt;ss Return. 

6. The main menu should be on the sc\-een with the Add files line high^lighted. Press 
Return. 

7. A second menu called Add Files will appear on the screen. The firsi line should be 
highlighted and say: The current disk: Drive 2. If it does, press Return. If not, use the 
down aiTOw key to highlight #2 and then ppess Return. 

8. A third menu will appear with the file Organic Pies highlighted. Press Return. 

9. The file Organic Pies will appear on the screen. 



Please answer the following questions: 

1. Use the down arrow key until you reach the bottom of i *lc. What is the name of the last 
pie on the list? 

2. Arrange the list in order from largesi to smallest for total units sold What were the top three 
selling pies? 



3. Now list them fiiom largest to smallest foi total sales. Are the top three pies the same? 

4. Which pie(s) would you re -^ommcnd (if any) that Organic Pies quit making? Why? 

5. Arrange the pies in chronological order. Which pie has been made for Lhe longest time? The 
shortest time? 

6. Delete any pie that has not had a total sales of ov $1000. How many pies are left? 
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7. Arrange the pies in order t^)m smallest to largest for total sales Using the zoom function, 
find out the total profit of die pie at the top of die list. 

8. Coconut Custard is my favorite pie. Zoom in and find out how much profit each pie makes. 
This is die ]ast question for diis file! 

9. Press die Escape key to get to die main menu. Since you no longer need to work with diis 
file, type in die number 4 and press Return. 

10. The Remove files menu will appear on die screen. Press Return. 

11. The Organic P»es menu will appear. You do not want to save die changes made, so type in 
the number 3 aiiu press Return. 

12. Answer yes to die question 'T)o you really want to do diis?" at die bottom of die screen by 
using die right arrow key and Return key. 



/ 
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AppleWorks File Organic Pies 



No.e: This is a AiacWrite copy of an AppleWorks file for use with the Introduction to AppleWorks 
Database 2 worksheet 



Column 1 


1 
A* 


3 




4 




5 


6 


7 


8 


9 


Apple Light 


4000 


2000 


Jul 


4 


84 


16,000 


4000 


4.00 


3.00 


1.00 


Carob Crunch 


3600 




May 


5 


O A 

84 


■f A f\f\/\ 

14,000 


5004 


3.89 


2.50 


1.39 


Coconut Custard 


2800 


700 


May 


5 


84 


12,000 


2884 


4.28 


3.25 


1.03 


Crispy Cotton 


20 


20 


Aug 


14 


84 


80 


40 


4.00 


2.00 


2.00 


vjronoia Jrucioing 




jU 


May 


c 

J 


84 


800 


400 


4.00 


2.00 


2.00 


Kumquat 


600 


150 


May 


5 


84 


3,600 


600 


6.00 


5.00 


1.00 


Pisco 


5 


3 


Jul 


4 


84 


20 


1500 


4.00 


1.00 


3.00 


Pure Peach 


800 


400 


Jul 


4 


84 


3,200 


1200 


4.00 


2.50 


1,50 


Ragamuffin 


500 


250 


Jul 


4 


84 


2;000 


750 


4.00 


2.50 


1.50 


Rhubarb 


400 


200 


Jul 


4 


84 


1,600 


800 


4.00 


2.00 


2.00 


Squash Blossom 


400 


200 


Jul 


4 


84 


1,600 


400 


4.00 


3.00 


1.00 


Strawberry Strip 


4i50 


200 


Aug 


14 


84 


l,60a 


450.8 


3.48 


2.50 


.98 


Vegetable 


285 


100 


Jul 


4 


84 


1,200 


487.35 


4.21 


2.50 


1.71 


Very Berry 


6000 


1500 


May 


5 


84 


24,000 


6000 


4.00 


3.00 


1.00 


Yogurt Yummy 


1250 


300 


Jul 


4 


84 


3,675 


1175 


2.94 


2.00 


.94 


Zucchini 


200 


50 


May 


4 


84 


800 


500 


4.00 


1.50 


2.50 




1000 


1000 


May 14 


88 


25000 4000 4.00 : 


5.00 


1.00 



When you make up these files, you need the following infom ition to type into the record 



1. Pie Name 

2. Units Sold 

3. Units/Month 

4. Date Introduced 

5. Total Sales 

6. Total Profit 

7. Price/Unit 

8. CostAJnit 

9. Profit/Unit 



■ V 
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Introduction to AppleWorks Database 3 



1 . Remove the AppleWorks disk from disk drive 1 . Put in the Apple Presents AppleWorL 
side 2 disk into drive 1. Close the disk door and press the Control, Open- Apple and 
Reset keys simultaneously. 

2. A menu will appear on the screen with the Word Processor highlighted. Type in the 
number 3 and press Return. 

3. Another menu will appear with Cutting and Pasting highlighted. Press Return. 

4. Go through all three sections and take notes when necessary as you will be sending ^ome 
information to a friend using the word processor and database. 



When you have finished, take out the Apple Presents AppleWorks disk and insert sidje 1 of the 
AppleWorks disk. Lx)ad up AppleWorks and get the Software 86 file from the AW Sample 
Files disk on the screen. 

1 . One of the nice features cf a database is that you can select certain information from a large 
file. 

2. Your friend wrote you a letter and wants to know all the software Lhat you have available for 
math. The only list you have for your district is the one on this file. Rather than print out the 
entire list and send it to her, youVe decided to send her a list with just the math software. 

3. Look through the file and see if you notice a way to categorize the math software. Write down 
any ideas here. 



4. Now let the computer do some of the work. You can select criteria that AppleWorks uses to 
select records. Press he Open Apple and R keys simultaneously. That's for recoid 
selection rules. 

5. You now have a list of the categories for the records. Pick a category that you think will be 
able to cut down on the list of software and prtss Return. 

6. Now a list of comparisons appears on the screen. Pick one of the comparisons and press 
Renim. For example, say you picked Program Name as a category. Now you might pick 
contains and then type in the word math. This would tell the computer to look at all the 
names of the software in the file and if it contained the woid math in it, you wanted it 

7. You can have up to three selection criteria^ You can dec.de what categories and comparisons to 
i;se. When you finish, you will have a list on the screeri that fulfills your set of criteria. 

8. Now you want to save tit s file (if it is not the file you want, start over until you have the file 
you want). Press the Escape key to get you back to the main menu. 

9. Type in the number 3 and press Return. Software 86 is listed as changed. Press Return. 
Save the file... is highlighted Picss Return. 

10. Let the old ... is highlighted You do not want it to replace the original file, bo type in the 
number 2 and then press Return. 
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11. Use the right arrow key to go to the right of Software 86 and delete the name by using the 
delete key. Now type in a new name that you would like to save this information under and 
press Return. 

12. You now have a file of math software under a new name. Once you have saved the file, the 
main menu appears on the screen. In order to print out your list, type in the number 2 and 
press Return to get back to your file. 

13. Now your file should bt on the screen. Since several of you are connected to Lhe ;,ame printer, 
make sure you print or e at a time. Pres. the Open Apple and P keys at the same ame in 
order to print 

14. Now that you have a hard copy of your file, press the Escape key to go back to the main 
menu. You want to check your list against the original li.t, so type in the number 4 to 
remove your file. A screen telling you that you have saved your file will appear. Press 
Return. 

15. Now the main ment^ is again on the screen with Add files... highlighted. Press Return 
and load Software 86 again. 

16. Jus* for your own information, check to see how well your criteria was in terms of getting all 
the math software. List problems, thoughts and observations here. 

17. Now to practice cutting and pasting! Press the Escape key to get back to the main menu. 

18. Press Return (Add files... should be highlighted). This time, you want to make a new file 
ifom the word processor, so type in the number 3 and press Return. 

19. From scratch should be highlighted so press Return. Type in a name for this file (A letter 
will do if you're stuck for a name). 

20. Now you have a typewriter in front of you, so type a letter to your triend and add your list of 
software from the database. When you arc finished, print the letter out (There is a "help" 
page following this one on cutting and pasting.) 
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Software 86 AppleWorks File 



Note: This is a MacWrite file copy of an AppleWorks file for use with the Introduction to 
AppleWorks Database 3 worksheet 



Acquisition Num 


Program Name 


Publisher 


Subject 


Topic 




at Bsxas BSKs cssBs ssta Miassa Btxxx 


1 8 ass S VKSB B=3 BSZ XSaS S3 ts 


= = a ss3t sx»8 ass s 




C20000 


IBM REPORTING A 


IBM 


- 


- 


C20001 


PERSONAL EDfTOR 


IBM 


- 


- 


C20002 


IBM DOS 2.10 


Microsoft Corp. 


- 


Disk Operating 


C20003 


IBM DOS 3.10 


Microsoft Corp. 


- 


Disk Operating 


C20004 


IBM FlUNG ASSI 


!BM 


cs 


File Utility 


C20005 


IBM FlUNG ASSI 


IBM 


- 


- 


C20006 


APPLE SUPER CO- 


Alpine Computin 


- 


Pilot 


C20007 


IBM DOS VERSION 


Microsoft Corp. 


- 


Disk Operating 


C20008 


APPLE SUPER PIL 


Apple Computer 


cs 


Authoring Langu 


C20009 


MICRO GARDENER 


Educational Act 


AG 


Growing Plants 


C20010 


dBASE III 


Ashton-Tate 


CS 


Database 


C20011 


APPLE LOGO 


Logo Computers 


CS 


Programming Log 


C20012 


GUIDE TO OPERAT 


IBM 


CS 


Intro, to IBM 


C20013 


BASIC 2.0 


Microsoft Corp. 


CS 


Bas\) Programmi 


C20014 


BASIC 3.0 


IBM 


CS 


Basic i^rogrammi 


C2001S 


Speech Regonit 


Keytronics 


- 


Speech Recognit 


C30000 


Treasure Hunter 


Grolier 


History 


- 


C30001 


Seaets of Scie 


Grolier 


Science 


- 


C30002 


Play Writer Adv 


Woodbury 


English 


Writing 


C30003 


Calculated Risk 


Woodbury 


Science/m 


Archaeology 


C30004 


Play Writer Ta 


Woodbury 


English 


Writing 


C30005 


The Story of Mi 


Grolier 


English 


Vocabulary/ 


C30006 


Surrounding Pat 


Strawberry .Hill 


Math 


Visual Patterns 


C30007- 


Peters Growing 


Strawberry Hill 


Math 


Graphic & Number 


C30008 


What's Next 


Strawberry Hill 


Math 


Analyzing Patte 


C30009 


Miss Mouse 


Grolier 


Reading 


Rhyming 


C30010 


Rhyme Land 


Grolier 


Reading 


Cqncept of Rhym 


C30011 


Rhyme-A-Line 


Grolier 


Reading 


Rhyme Vocabular 


C30012 


Mcon Bingo 


Grolier 


•Reading 


Vocabulary' Bull 


C30013 


Rhyme's Falling 


Grolier 


Reading 


Vocabulan/ Buil 


C30014 


Arith-Magic 


QED 


Arithm 


Area and Prime 


C30015 


Arith-Magic 


CBD 


Arithm 


Area and Prime 


C30016 


The Semantic Ca 


Sunburst 


Math 


Problem Solving 


C30017 


Tobbs Leams A1 


Sunburst 


Math 


Puzzles, Proble 


C30018 


Ths Factory 


Sunburst 


Math 


Strategies in P 


C30019 


The King's Rule 


Sunburst 


Math 


Math and Disccv 


C30020 


Gec/metric Suppo 


Sunburst 


Geometry 


Quadrilaterals 


C30021 


The Geometric 


Sunburst 


Geometry 


Triangles 


C30022 


Teasers by Tobb 


Sunburst 


Math 


Puzzles, Proble 


C30023 


Targets (Teache 


Sunburst 


Math 


NumbetB 


C30024 


Tfie Incredible 


Sunburst 


Meth 


Problem Solving 


C30025 


Master Match 


Advanced Ideas 


Learn Skill 


Memory and Reas. 


C30026 


Tic Tac Show 


Advanced Ideas 


Learn Skill 


Testing Knowled 
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The Gama Show 


Advanced Ideas 


Leam Skill 


Vocabulary', thi 


030028 


Dinosaurs 


Advanced Ideas 


Leam Skill 


Matching 


C30029 


Wizard of Words 


Advanced Ideas 


Languat-i 


Reading, spe;!i 


C30030 


Lucny s Magic H 


Advanced Ideas 


Leam Skill 


Reading and Mem 


C30031 


Typing Tutor 


Acadeny Software 


Typing 


Touch typing 


C30032 


Typing Tutor 


Academy Software 


Typing 


Touch typing 


C30033 


Typing Tutor 


Acadsmy Software 


Typing 


Touch typing 


C30034 


Typing Tutor 


Academy Software 


Typing 


To^ ) t'/ping 


C30035 


Decimal Series 


Quality Educati 


Math 




C30036 


Proportions t d 


Quality .ducati 


Main 


Proportions and 


C30037 


Machines, Work 


Educational Act 


Science 


- 


C30038 


Heat ana Light 


Educational Act 


Science 


- 


C30039 


The Structure o 


Educational Act 


Science 


- 


C30040 


Electricity and 


Educational Act 


Science 


- 


C30041 


Whole Numbers 


Educational Act 


Math 


Add, Sub. Mult 


C30042 


Tables 1-12 Ro 


Educational Act 


Math 


Rounding Off Nu 


G30043 


Fractions: Addi 


Educational Act 


Math 


Addition and Su 


C30044 


Decimals: Add 


Educational Act 


Math 


Decimais 


C30045 


Grriphs and Mean 


E-ducatJonal Act 


Math 


Graphs, Mean 


Oo0u4o 


Converting Frac 


!:ducational Act 


Math 


Fractions and P * 


C30047 


Measuring with 


Hducaiionai Act 


Main 


Perimeter, Circ 


C30048 


Basic Writing S 


Educational Act 


English 


Writing 


C30049 


Basic Writing S 


Educational Act 


English 


Writing 


CoOOSO 


Magic Slate (Te 


Sunburst 


Wrd Proc 


80 CImn Ve 


C30051 


Magic Slate (Te 


Sunburst 


Wrd Proc 


20/40 CImn Ve 


Oon052 


Diascriptive Re 


Educational Act 


Reading 


Diagonistic Test 


C30053 


Diascriptive Re 


Educational Act 


Reading 


Vocabulary 


C30054 


Diarcrlptive Re 


Educational Act 


Reading 


Reading Sequenc 


C30055 


Diascriptive Re 


Educational Act 


Reading 


Main Ider. 


C30056 


Diascriptive Re 


Educational Act 


Reading 


Fact/O*-:^^^'" 


C30057 


Diascriptive Re 


Educational Act 


Reading 


Deta 


C30058 


Diascriptive F.\ 


Educational Act 


Fl ;ading 


In^rence 


C30059 


Lemming with F 


Sien^ 


;v1ath 


Counting 




WiZmalit 


Sierra 


Math 




C30061 


Wiztype 


Sierra 


Typing 


Typing Skills 


C30062 


Homeword Writer 


Sierra 


English 


Writing Spelling 



The rcconds that you wil' need in order to c/eate the above file in AppleWorks includes. 



1 . Acquisition Number 

2. Program Name 

3. Publisher 

4. Subject 

5. Topic 

6. Machine 

7. Copyright Date 

8. Grade 

9. Price 

10. Backup Info 

11. : 

12. # Labels 
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Cutting and Pasting Files 

1. Li the Word Processor, type your letter until you get to the place where you want to insert the 
data information. 

2. Press the Open Apple and Q keys at the same time. 

3. A list of files should appear on the screen. Use the up or down arrow key to hignlight the 
Database file you want and press Return. 

4. Your database file should new be on the screen. Press the Open Apple and P keys at the 
same time. AppleWorks wiil give you some options. You want#l - Get a report format 
It should be highlighted, so press Return. 

5. A list of options will appear and you want #1 - GATE Sftwr by Sbjct, which :,hould be 
highlightecL Press Return. 

6. A screen fiiU of options will appear. AU you arc mterested in at this point is to print this file, so 
press the Open Apple and P keys at the same time. 

7. You want this file printed to the clipboard, so type in the number 4 and press Return. 

8. Since there is a date on your letter, you do not need one here, so press Return. A message 
telling you that the report is on the clipboard will appear. To continue working with the 
Database file, you would press the Space Far. However, you want to get back to the letter, bo 
press the Open Apple and Q keys at the same time. 

9. Use the up or down arrow keys to highlight your letter and press Return. 

10. Now you should be back in >our letter. Place the cursor where you want the database to be 
copied by using tbfj Return key or Space bar. 

1 1. Press the Open Apple and C keys to copy the information. Use the right arrow key to 
highlight firom the clipboard and press Return. 

12. Your file should now be fn your letter. Use the down arrow key to get to the end of the data 
and finish your letter. Yc*i may print the letter out if you wish. 
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Name: 



• 



Game of the Week 

Many students think of mathematics as ** A bunch of fomiulas to memorize and to use to solve 
problems." To a certain extent this is correct Mathematicians have developed a very large number 
of formulas that can be used to solve quite a range of problems. But, which of these should 
students memorize, and what are alternatives to memorizing formulas? 

One answer lies in learning to make use of books of formulas. For example, instead of 
memorizing a fonnula for the volume of a sphere, one leams the general concept that solids have 
volume, and that formulas exist for the volume of commonly occurring and "regular" solids. 
Rather than memorizing a large number of formulas, one leams to look up the needed formulas. 

Pick one or two classes and make a list of the formulas you teach for that class (or for you 
non-math teachers, formulas that you know). Now look for common characteristics, descriptors, 
or some other way of associating fields of iriformation that . aid be useful to you or your students 
in dealing with a database containing these formulas. A few possible fields might be: should it be 
memorized (yes, no), week number taught, course it is taught in, number of variables, area 
formulas, interest formulas, differentiation formulas, often used in physics courses (yes, no), and 
so on. The idea is to begin to think about the development of classification schemes that are 
appropriate to you and your students. 
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Game of the Week Outcomes 



Atore: This is not intended as a handout. Rather, it is a brief discussion to give the inservice 
facilitator some ideas on what outcomes may be expected from the Game of the WeeL 

Many of the participants simply listed fonnulas for various nuathematical ideas and left it at that 
They did not seem to be able or willing to develop a classification scheme that would be useful to 
themselves or their students. A few participants tried to form some sort of grid so tliat formulas that 
are taught in more than one class could be shown. 

The essential formulas listed were: 

Formulas \iith two variables 

• Area and perimeter formulas 

• Percent formulas 

• Distance and work formulas 

• Velocity formula 

• Difference in time zones 

• Tenq)erature change formula 

Formulas with more than two variables 

• Volume fonnulas 

• Interest formulas 

• Analysis and trig formulas 

• Proportion fonnulas 

• Line fonnulas 

• Surface area fonmulas 

• Right triangle and other geometry fonnulas 

• Quadratic formula 

In the debriefing of this game it was evident that many of the participants had not given much 
thought to information retrieval aspects of mathematics. Few participants were able to categorize 
formulas in a manner useful either to themselves or to tiieir students. The game and discussion did 
give several participants a chance to see the different formulas they teach and where they coincide 
for certain classes. 
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4.5.5 Materials 



These sample lesson plans are designed to be used with students at a variety of grade levels. 
They represent the types of activities that can be done with students after learning the material in 
Session 5. 

Inservice facilitators may want to use some of tliese materials during the session. If the session 
is more than two hours in length, it is appropriate to have participants woik through a number of 
these studetit activities. 

Included in this section is a more detailed performance aid that facilitators may wish to use if 
there is more time available. It is on creating forms and reports fifom an AppleWorks database. 

Index to Materials Page 

Database Record Selections 2 
(PA) Database: Creating AW Forais and Reports 4 



(UP) Building a Data Table 
(LP) Tombstone City 



S 
9 
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Database Record Selection 

(or How Do I Get the Records I Want?) 

Databases are convenient ways of storing information. The power of them is not just in storing 
the data, but in the ways the data can be manipulated This reference will examine four Open 
Apple commands for iranipulating data. None of the following commands delete or lose any of 
the information in the database. They only rearrange or choose specific records for examination or 
printing. 

Arrange (Open Apple A)-Sorts information in four possible ways: 

1. Alphabetically, beginning with A, This is represented on the menu by "firomAtoZ." 

2. Alphabetically backwards, beginning with Z. This is represented on the menu by "fi-om Z 
to A." 

3. Numerically, from smallest to largest This is represented on by menu by "from 0 to 9." 

4. Numerically from largest to smallest This is rejrcsented on the menu by "firom 9 0." 

After placing the cursor on the column to be sorted, enter Open 
Apple A. Select the desired option and press Return. 



Find (Open Apple F)-Hnds the desired pattern of characters (numbers, letters, and special 
characters) wherever they appear in the database. This does not depend on the column the 
ciursor i.« in when the Open Apple F command is entered. The whole database is 
searched and the entire record containing the desired pattem is returned You can think of 
this as being somewhat It^'e the Search command in a typical word processor. 



Select (Open Apple R)-Allows for the selection of records based upon searching specific 
fields using a wide variety of comparison options in combination widi Boolean operators 
such as and and or. For example, suppose that one had a file containing used autos, the 
year built, and the number of nailes on their odometer. With this database it would be 
possible to find all the Toyotas built after 1977 that have greater than 100,000 miles. 

Enter Open Apple R and the category names of the database are presented Choose the 
came of the category to be examined Press Return and a long list of options appears. 
Select the desired option and press Return. If this is the only selection criteria then press 
esc (escape). Otherwise, choose the next selection criteria. Press Return after each 
selection. When all criteria have been entered, press esc To retrieve the entire original 
database press Open Apple R and select yes. 

The above commands can be used from REVIEW/ADD/CHANGE in either the multiple-record 
or single-record formats. It is common to use these commands in the multiple-record layout 
because the results appear on the screen together, rather than one at a time as in the single-record 
format 

The fourth command discussed in this handout is called Calculate and allows you to specify certain 
types of calculations to be perfonned on the numerical data in a database. To use the command, 
enter Open Apple P. This enters the Report Format routine of the database. Select number 2 - 
Create a new "tables" foraiat, press Return, enter a name for the report, and press Return. After 
you have created a report format it will automatically be saved when the database is saved 

In the Report Format routine you will be able to use both Arrange and Select from above, as well as 
Clalculate described below. 

0 7 



ERLC 
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Calculate (Open Apple K)-Calculate allows a new category to be created, which contains 
information from other categories. Simple arithmetic operations arc performed on a category 
(or combinations of categories) in the database and the results entered into the new category. 




Place the cursor one column to the right of the category where you wish the calculated results 



to appear. Enter Open Apple A new column filled with 9's automatically appears. 
Enter a name for this category and press Return. Enter the formula or calculation to be 
executed Operations arc performed from left to right Parcntheses are /249r accepted- Press 
Return and answer the questions on the bottom of the screen. Finally the database will 
reappear, but with the 9*s stiill present Enter Open Apple P and select number 3 - TTie 
Screen. The calculated category(ies) will appear. 



There can be up to three calculated categories. The calculations in creating a calculated 
category may make use of any noncalculated categories, and they may also make use of 
calculated categories. However, the calculations in creating a calculated category may only 
use other calculated categories that arc to its left. 

The fundamental underlying ideas of a spreadsheet and a database are rather closely rclated. 
Generally speaking, a spreadsheet is designed to contain a preponderance of numbers and formu):;s 
that manipulate the nimibers. That is, a spreadsheet is designed to be quite powerful at calculations. 
A typical spreadsheet may have no or relatively poor searching and sorting capabilities, the features 
that a database system is designed to handle well. On the other hand, a typical database system may 
have relatively poor computational capabilities. The Calculate feati res described above fall into the 
"relatively poor" category. 



CI3 Notebook • 4.5.5 Materials • Page 3 

ERIC 



Databases: Creating AW Forms and Reports 



Sote. This long handout contains considerable detailed information about databases in AppleWorh. 
Creating a Form 

L Once you have decided on the field names for your database, you are ready to create an input 
form. Obtain a data disk and a copy of the AppleWorks program. (If the disk upon which you 
wish to store the data is not yet fomiatted^ you can format it within AppleWorks by choosing 
the Disk Formatter function from the Oiiier Activities menu.) Start the AppleWorks 
program and move to the Main Menu. Select item 1 (Add Files to the Desktop). 

2. From the Add Files menu, select item 4 (database). From the database menu, select 1 
(From Scratch). Type in the name of your database at the prompt on the bottom line of the 
screen. 

3. Now you see the (Change Name/Category) screen, which you will use to create and edit 
forms. It has two parts: a space for typing in field names (called Category Names in 
AppleWorks) and a space concaining a summary of commands (Options:) for creating forms. 
Note that in the Category Name space, there is akeady a field name (Category 1). Erase 
this by moving the cursor to the end of Category 1 with the right-arrow key, then press 
the Delete key until the entry is erased Note: In the upper right comer of the display, there 
is a note that if you press the Escape key, you can restore the entry you are deleting or 
changing. 

4. Type in the field names one at a time, pressing Return after each entry. Note that the contents 
of the Options space change when you first press Return. When you have typed in the last 
field name and have press^ Return, press the Escape key. 

Typing in Records 

5. You now see the Review/Add/Change screen. Read the note in the center of the screen, 
which reminds you that this is a new database. Press the Spacebar. 

6. Now you can fill in the form on the Insert New Records screen. Type in the entry after 
each field name and press Return. Note that when you type in the last entry and press 
Return, you will automatically move to the next empty record 

Viewing Individual Records and the Whole Database 

7. When you finish typing in the last record, press the Open Apple Z key. This will give you a 
"zoomed-out" view of the entire database (or at least the first part of each record). Experiment 
with moving the cursor to dififerent parts of the database and zooming in and out with Open 
Apple Z. In Sample Screens #1 and ff2 (see the last pages of this guide), you see an example 
of "zoomed-in" and "zoomed-out" views. Note that all seven fields can be seen in the 
"zoomed-in" view, but the last two fields are not in view in the "zoomed-out" view. When you 
are finished, tcss the Escape key. 

8. Now you have returned to the Main Menu screen. You co !ld stop working with the database 
now if you wished; the database you have just created will remain on the Desktop while you 
work on another one or create another document with Jie word processor or the spreadsheet. 
We will continue with it, however. Note (in the upper-right comer of the screen) that if you 
press Escape, you will return to the database you created. Press Escape and return to the 
database. 

O n 
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4.5.5 Materials 



These sample lesson plans are designed to be used with students at a variety of grade levels. 
They represent the types of activities that can be done with students after learning the material in 
Session 5. 

Inservice facilitators may want to use some of these materials during the session. If the session 
is more than two hours in length, it is appropriate to have participants work through a number of 
these student activities. 

Included in this section is a more detailed performance aid that facilitators may wish to u.se if 
there is more time available. It is on creating forms and reports ftom an AppleWorks database. 

Index to Materials Page 

Database Record Selections 2 

(PA) Database: Creating AW Forms and Reports 4 

(LP) Building a Data Table 8 

(LP) Tombstone City 9 



• 
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Dat'ibase Record Selection 

(or How Do I Get the Records I Want?) 



Databases are convenient ways of storing information. The power of them is not just in storing 
the data, but in the ways the data can be nianipulated This reference will examine four Open 
Apple commanc'^ for manipulating data. None of the following commands delete or lott any of 
the information in ihe database. They only rearrange or choose specific records for examination or 
printing. 

Arrange (Open Apple A)-Sorts information in four possible ways: 
L Alphabetically, bt^ginning with A. This is represented on the menu by "finomAtoZ." 
X Alphabetically bacikwaids, beginning with Z. This is represented on the menu by "finom Z 
toA," 

3. Numerically, from i:mallest to largest This is represented on by menu by "finom 0 to 9." 

4. Numerically from largest to smallest. This is represented on the rvcnu by "finom 9 to 0," 

After placiTig the cursor on the column to be sorted, enter Open 
Apple A, Select the desired option and press Return. 



Find (Open Apple F)-Finds the desire^i pattern of characters (numbers, letters, and special 
characters) wherever they appear in the database. This does not depend on the column the 
cursor is in when the Open Apple F command is entered The whole database is 
searched and the entire record containing the desired pattern is retumed You can think of 
this as being som'jwhat like the Search command in a typical word processoi. 



Select (Open Apple R)-Allows for the selection of records based upon searching specific 
fields using a wide variety of comparison options in combination with Boolean operators 
such as and and or. For example, suppose that one had a file containing used autos, the 
year built, and the number of niles on their odometer. With this database it would be 
possible to find all the Toyotas built after 1977 ihat have greater than 1(X),0(X) miles. 

Enter Open Apple R and the category names of the database are presented Choose the 
name of the category to be examined Press Return and a long list of options appears. 
Select the desired option and press Return. If this is the only selection criteria then press 
esc (escape). Otherwise, choose the next selection criteria. Press Return after each 
selection. When all criteria have been entered, press esc. To retrieve the entire original 
database •Tress Open Apple R and select yes. 

The above commands can be used from REVDEW/ADD/CHANGE in either the multiple-record 
or single-record formats. It is common to use these commands in the multiple-record layout 
because the results appear on the screen together, rather than one at a time a& in the single-record 
format 

The fourth command discussed in this handout is called Calculate and allows you to specify certain 
types of calculations to be performed on the numerical data in a database. To use the command, 
enter Open Apple P. This enters the Report Format routine of the database. Select number 2 - 
Create a new "tables" format, press Return, enter a name for the report, and press Return, After 
you have created a rsport format it will automatically be saved when the database is saved 

In the Report Format routine you will be able to use both Arrange and Select from above, as well as 
Calculate described below. 



o 
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Calculate (Open Apple K)-Calculate allows a new category to be created, which contains 

information from other categories. Simple arithmetic operations are performed on a category 
(or combinations of categories) in the database and the results entered into the new category. 

Place the cursor one column to the right of the category where you wish the calculated i\ suits 
to appear. Enter Open Apple K. A new column filled with 9*s automatically appears. 
Enter a namv for this category and press Return. Enter the formula or calculation to be 
executed Operations are perfom«l from left to right Parentheses are not accepted. Press 
Return and answer the questions on the bottom of the screen. Finally the database will 
reappeai-, but with the 9*s still present Enter Open Apple P and select number 3 - The 
Screen. The calculated category(ies) will appear. 



There can be up to three calculated categories. The calculations m creating a calculated 
Cix!^gory may make use of any noncalcula^d categories, and they may also make use of 
calculated categories. However, the calculations in creating a calculated category may only 
use other calculated categories that arc to its left 

The fundamental underlying ideas of a spreadsheet and a database are rather closely related 
Generally speaking, a sprcacLheet is designed to contain a preponderance of numbers and formulas 
that manipulate the numbers. That is, a spreadsheet is designed to be quite powerful at calculations. 
A typical spreadsheet may have no or relatively poor searching and sorting capabilities, the features 
that a database system is designed to handle well. On the other hand, a typical database system may 
have relatively poor computational capabilities. The Calculate featuxts described above fall into ihe 
"relatively poor" category. 
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Databases: Creating AW Forms and Reports 



Sote. This long, handout contains considerable detailed information about databases in AppleWorks. 
Creating a Form 

1. Once you have decided on the field names fcr your database, you are ready to create an inpia 
form. Obtain a data disk and a copy of the AppleWorks program. (If the disk upon which you 
wish to store the data is not yet formatted, you can format it within AppleWorks by choosing 
the Disk Formatter function from the Other Activities menu.) Start the AppleWorks 
program and move to the Main Menu. Select item 1 (Add Files to the Desktop). 

2. From the Add Files menu, select iten 4 (database). From the database menu, select 1 
(From Scratch). Type in the name of yo^ database at the prompt on the bottom line of the 
screen. 

3. Now you see the (Change Name/Category) screen, which you will use to create and edit 
forms. It has two parts: a space for typing in field names (called Category Names in 
AppleWorks) and a space containing a summary of commands (Options:) for creating forms. 
Note that In the Category Name space, there is already a field name (Category 1). Erase 
this by moving the cursor to the end of O^egory 1 with the right-arrow key, then press 
the Delete key until the entry is erased Note: In the upper right comer of the display, there 
is a note that jf you press the Escape key, you can restore the entry you arc deleting or 
changing. 

4. Type in the field names one at a time, pressing Return after each entry. Note that the contents 
of the Options space change when you first press Return. When you have typed in the last 
field name and have presswi Return, press the Escape key. 

Typing in Records 

5. You now sec the Review/Add/Change screen. Read the note in the center of uie screen, 
which reminds you that this is a new databa^. Press the Spacebar. 

6. Now you can fill in the form on the Insert New Records screen. Type in the en**y after 
each field name and press Return. Note that when you type in the last entry and press 
Return, you will automatically move to the next empty record 

Viewing Individual Records and the Whole Database 

7. When you finish typing in the last record, press the Open Apple Z key. Th^s will give you a 
**zoomed-out" view of the entire database (or at least the first part of each record). Experiment 
with moving the cursor to different parts of the database and zooroing in and out with Open 
Apple Z. In Sample Screens #i arid #2 (sef: the last pages of this guide), you see an example 
of "zoomed-in** and "zoomed-cai" views. Note that all seven fields can be seen in the 
"zoomed-in'* view, but the last two fields arc not in view in the ''zoomed-out*' view. When you 
are finislded, press the Escape key. 

8. Now you have returned to the Main Menu s(neen. You could stop working with the database 
now if you wished; the database you have juit created will remain on the Desktop while you 
work on another one or create another document with the word processor or the spreadsheet. 
We will continue with it, however. Nott (in the upper-right comer of the screen) that if you 
press Escape, you will return to the database you created Press Escape and return to the 
database. 
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Adding Records 

Note. Initial the back of the paper forms which you have entered and pa^s them to the training group 
on your right Accept the paper forms from the Mining group on your left Use these forms 
to add records to your database. 

9. Move the cursor to the end of the last recoid in your database and press Return. You will see 
a message in the center of the screen r^iiinding you that you can add records to the database by 
selecting Yes as your response to the prompt or. the bottom line. 

10. Follow the sequence of steps 6-8 until you have added all the records you want 

Note: Obtain other paper forms and pass yours Ou until you have 5-6 records in your database. 
Now take some time to consider what kinds questions you might ask about this 
information. Can it be grouped or sorted in uoefiil ways? 

Generating "Table" Reports 

1 1. Press Open Apple P. This will take you to the Report Menu, which you will use to create 
report formats. A format is a way of laying out the information so that the printed report will 
be useful. There are several options on the screen: 

1. Get a report format: This is not highlighted, since you haven't created any formats yet. 
2* Create a new "tables" format: Ycu will use this in a moment to create a report in 

tabular form; that is, a report in which the information is laid out in ro ws and columns. 
3* Create a new "labels" format: You will use this later to create a report in which the 

information can be laid out in blocks. For example, you would use this function to prepare 

mailing labels. 

4. Duplicate an existing format: There arc times when it is useful to create a report that 
is a variation on a form?: that already exists. You can save a lot of work and avoid maldng 
errors by duplicating an existing format and changing it to meet your needs. 

5* Erase a format: Use this function to eliminate report formats which you no longer need. 

12. Select Item 2 (Create a new ^*tables" format) and press Return. Type in a name for the 
report at the prompt on the bottom line. 

13. Now you see the Report Format screen, which you will use to create a tabular report format 
for your database. Note the large block of "reminders" in Lie center of the screen. At the 
bottom, you can sec the field names and the first three records of your database. If there arc 
seven or more fields in your database, you will see only the first two letters of the seventh 
field, and any other fields wUl be "off-screen" to the right See Sample Screen #5. 

14. Use the right-arrow key to move the cursor to the rightmost column of your report (If you 
had son^ columns off-screen, this will bring them into view.) Note that to the right of the last 
column there is aii indication (under the vertically-printed letters Leii) of how many columns 
wide the report would be if you were to print it out right now. Most printers can only print 80 
columns unless special preparations arc made. Press Open Apple R 

15. Now you see the Print The Report screen, which you will use to select the device on which 
the report is to be printed AppleWorks may be set up to send reports to many different kinds 
of printcis. Many printers require special setups; if you are using AppleWorlcs on a system 
whose printer does not appear on the Print The Report screen, you may have to go to the 
Other Activities screen to select the Printer Information function to add your inter to 
the choices on this screen. If you must do that, all will be well, because your database and the 
format that you arc preparing now will remain on the Desktop. For now, though, select The 
Screen as die place to print the report and press Return. Type today's date (if you wish) at 
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the prompt at the bottom of the screen and press Return. This will print the report onto the 
computer screen in exactly the same way that it would appear on a printer. This function is 
uspful for checking what a report will look like without actually taking the time to physically 
print it out See Sample Screen Note tha*. you may have some columns in which there is 
insufficient room to display the information, while there is too much room in others. Press the 
Spacebar. 

16. You can change the width of any column by moving the cursor (by means of the right arrow 
and left arrow keys) to the column you wish to change. If you wish to widen the column, 
hold ^ovm the Open Apple key and press the right arrow key until the column is wide 
enough. You can narrow the colunm by pressing the Open Apple left arrow key 
combination. Try printing the changed report to 5ie screen by following the directions In step 



17. You can also eliminate a whole column if you wish by moving the cursor to that column and 
pressing Open Apple D. If you wish to restore a column which you have deleted to its 
former position, move the cursor to the column which had formerly/<?//<?ive^/ the deleted 
column, then press Open Apple I. You will then see the Insert a Category sCTeen, which 
lists all the categories which have been deleted Select the one you wish to restore by 
highlighting it and pressing Return. It will reappear in its former position. 

You can use a similar method to move a column to a new location in the report Just delete it 
with Open Apple D, move the cursor tO the new location, then restore the column with 
Open Apple I. 

Another way of moving columns is by switching adjacent columns with Op2n Apple > and 
Open Apnie < 

18. Experiment with other functio' Jse Open Apple A to sort on particular columns. If you 
have numbers in any columns, right-justify them with Open Apple J. (Don't be disturbed 
when AppleWorks replaces all your numbers with 9999999.99; that's just the program's 
way of telling you tiiat sonaething special is being done with the numbers.) Arrange for the 
report to add up any numeric columns by using Open Apple T. Sample Screen #5 shows a 
format for a report listing debtors in decreasing order of indebtedness, with the amount owed 
by all totaled Sample Screen U6 shows what the . looks like ^/hen it's printed on the 
screen. 

When you have finished experimenting with tabular reports, press Escape. 
Generating "Labei" Reports 

19. Yju should now see tiie (Report Menu) screen, "^elect Item 3 (Create a new 'Mabels" 
format). Type in tiie name of the label-style report you intend to create and press Return. 

20. This version of tiie (Report Format) screen lets you create block-oriented reports like mailing 
labels. You can move the field names to different places on the screen by placing the cursor on 
the first letter of the field name, holding down the Open Apple key and using the arrow keys 
(any of them). 

You can delete categories or blank lines with Open Apple D. You can insert blank lines and 
previously deleted fields with Open Apple I. 

If you want to priiit mailing labcis, you can put the city, state, and zip code neady on the same 
line by using Open Apple J, which will left-justify ti:e information so that it will print just 
one space to the right of the data which precedes it in the line. 
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You can arrange for both the field name and its data to be printed on the report by using Open 
Apple V- This can be useful if the information is not self-evident. 

Sample Screen ^7 shows what the fields look like before they are formatted. Sample Screen 
U8 shows a finished format Sample Screen U9 shows a "zoomed-in" view of one record (a 
handy way of getting an idea of what one "block" of the finished repoit will look like). 

Experiment v/ith son^ of the other functions in this formatter. You can view your options by 
pressing Open Apple ?. 

Print the report by pressing Opai Apple P and selecting The Screen 2tom the (Print the 
Report) screen. Sample Screen #10 shows what the first three records in the sample file look 
like when they are printed on the screen* 



6 
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Building a Data Table 
(A Database Pre-Computer Activity) 

Description: Materials: 

Topic: Explores the transition from data Other materials: butcher paper, 

organizaiion, fields and records into 5x8 cards, masking tape, felt up pens 

table format Software: None — needed 

Gra'^ Level: 3-12 

Time: 20-25 min. 

Grouping: Whole Class & Groups of 4 
Objectives: 

1. Students will create a record 

2. Students will identify the fields in die records 

3. Students will create a table using the records 



Before you start: 

• Gather felt pens and 5x8 cards 

• Tape the butcher paper to the wall 

• Select the category for record generation — animals, sports, book tides, rock stars, food (fox 
this write-up, ^limals will be used) 

• For greater variety in record generation, assign a letter of the alphabet to each group. 

• For example, a group with the letter P might create a record for python, platypus, or 
polar bear. Another possibility might be type of animal: mammal, reptile, fish, etc. 

• Organize the class into groups of 3 or 4. 

Lesson: (Sequence of instructional activities) 

• Each group brainstorms all the information on an animal of their choice. They record the 
infomiation in any fashion on a piece of paper. A quick check around the room determines 
if there has been any duplication. (5 min.) 

• Whole group discussion-the important characteristics of the animals e.g., habitat, number of 
legs, mammal, domestic, etc. 

• The teacher demonstrates how data on an animal can be recorded on a card. 

• Record the field names the students detennine on the chalkboard. Have the students suggest 

1 organization for the 5x8 cards. 

• Hand out the 5x8 cards and the felt tip pens. Students organize each record on the card. 
Now, all the cards together become a file of records 

Follow-up: 

• Students create files for their own personal STUFF. 

• The next time a report is assigned the students, use the new organization device for 
recording and gathering information. 



f -V 
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Tombstone City 

Thanks to Jim Rae 



Description: R-ateriuls: 

Topic: Gathering information, posing hypoui.'ises Software: a databa 5 noanager 
Grade Level: 5-9 Hquipment: one compuier 

Hme: 4-5 days, 15-20 miiiyday Otfier materials: one cemetery 

Grouping: 3-4 students per group 
Objectives: 

1. Students will gatlier informarion firom a cemetery 

2. The information will be organized and stored in a database 

3. The data will be analyzed and hypotheses posed 

Before you start: 

• Select a cemetery that your students can easily visit 

• Assign smdent groups 

• Determine with students which data should be recorded from the tombstones* Items could 
include: birth data, date of death, number of years lived, first name, last name, sex, mscription, 
picture, shape of sii ne,,, • 

• Create a data gathering sheet with the* field names that correspond to the database headers. 

Lesson: (Sequence of instructional activities) 

Each student group gathers inforroation for at least five headstones, 

• Students type in the data into a database* 

• All the data is complied into one file* 

• Analyze the data vnd ask questions: Did many people die in a particular year? Did the average 
number of years lived vary according to sex? Was it more customary to have crosses on 
tombstones before a particular date? 

If any patterns or ideas emerge, follow them up by gathering more data: checking encyclopedias, 
old newspapers, a different cemetery* 

Follow-up: 

Create a story about one of the tombstones. Explain why the person with that tombstone died 
during that year, at tiiat age, etc* 

What are some events that would affect the kind of data ga±ered firom tombstones: changes in 
the economy, world wars, influenza epidemic, etc. 

Have students predict how tombstones will read in 100 years. 

Comments: 

This may not be a desirable subject for some smdents, but it can offer a wealth of material 
about the community in which students are growing up. 



I s 



CP Notebook • 4.5.5 Materials • Page 9 



4.6 

SESSION 6: GEOMETRY AND 
VISUALIZATION 



4*6«1 Narrative Overview 

Teaching tiiree-diiMnsional geomstry using two-dimensional media is a very common 
occurrence. And most math teachers have difficulty in doing good three-dimensional drawings on 
the chailk board or overhead projector foi^ It's no wonder students have a hard time trying to 
understand what a section of a cone looks li' % or even what a rectangular prism is! 

Although computer screens are still a ' . o-dimensional form, their ability to display 
three-dimensional figures should ^lelp students visualize objects in three-dimensional space. With 
proper software, these two-dimensionai representations of three-dimensional figures can be rotated, 
viewed from different perspectives, shaded to help suggest their three-dimensional nature, etc. Such 
use of computer graphics has become common in science research labs. 

Studies have shown that with practice, one's ability to visualize becomes better. We are now 
able to allow students to create and marapulate two-and three-dimensional objects using the computer 
and specific software. The programs we use for this session exemplify such software. 

One question that arises with the availability of such software is: Should teachers change then- 
method of geometry instruction? Many will say no due to our set curriculum — a certain amount of 
material must be taught in a ^ven tiir© firame, and discovery and inquiry methods are more 
time-consuming methods of instruction. 

We disagiee. The ideas given bi tlus session a;^ a '.vay for students to discover geometric 
theorems and definitions by themselves, maldng the meanings much more real to them. We believe 
tl it students will retain what they leam through this method and will apply the same type of 
questioning skills in other areas. 

A focus of this session is using a computer to do a lot of the "hands- on" construction. 
Because of the speed of the computer, students can construct figures and make observations without 
the time-consuming process of actually drawing with a pencil and compass. This allows students to 
make coniectures and see if they can piui'e or disprove those conjectures. 

One software programySMper Factory, looks at a cube from one viewpoint and rotates it to see 
all faces. It is a game (yn± various levels of difficulty) in which the computer generates a cube with 
different "pictures" on the sides. The student must then figure out how to recreate the cube by 
rotating and turning a second cube and putting the various pictures on that cube. This requires 
visualizing the entire cube and what you must do in order to recreate it 

The- ^^.ometric Supposer series allows students to do a variety of constructions on triangles, 
quadrilaterals, and circles. Students can use the software to do constructions and come up with their 
own definitions for altitude, median, etc. Once these definitions are in place, students can work with 
them to "discover" theorems and try to prove and/or disprove them. One student ft-om a high school 
in Boston, MA, actually discovered a new theorem! He found a new way to construct five triangles 
of equal area in a given triangle using the Geometric Supposer-Triangles. It may not be possible to 
teach an entire geometry course with computers, but integrating them into the curriculum will help to 
bring understanding and discovery into the course. 

Geometry by Broderbund is a Macintosh-based piece of software that uses the graphics in a 
hypertext-type of presentation of geon^try materials. It allows the user to move parts, find 
examples, do problems and proofs, and page back and forth. It follows a standani geometry 
curriculum and does not have the same discovery approach as the Supposer series. It provides a nice 
way for students to review or catch up on work missed when the teacher does not have time for 
individualized instruction. The graphics capabilities help to introduce three^iimensional objects 
much better than a standard textbook. 
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There are new and exciting pieces of software coming out for geometry. Anything that works 
with practicing visualization will help to improve students' abilities. It is not an easy task for many 
students, so the more they practice, the better they will become! 

Most secondary schools in the United States follow the ''traditional*' mathematics cuixiculum of 
a year of al^bra followed by a year of geometry and then a second year of algebra. Schools in most 
other parts of the world integrate these three courses, and there is some movement toward this idea in 
the United States. 

The traditional geometry course in the United States has heavy focus on plane Euclidian 
geometry and on fonnal (two column) prcx)fs. There are many good alternatives to such a course. 
One alternative is to place increased emphasis on those aspects of geometry where computers are 
particularly useful. The use of Logo in schools provides an example of what can be done. Or, one 
might teach some graphics-oriented programming using other languages, such as BASIC or Pascal. 
Such revisions to the classical geometry course are exciting. 

But the use of computer programming in geometry courses poses a major problenL Most 
secondary school mathematics teachers have relatively little knowledge of computer programming. 
They do not have adequate preparation to deal with computer graphics in a computer programming 
environment. 

An alternative approach, which has a greater chance of adoption, is to make very powerful 
graphics application packages available to both teachers and their students in geometry cl.\sses and in 
all other secondary school mathematics classes. Software of tliis type can be explored in an inservice 
session. 
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4.6-2 Script 



Theme 
Objectives 



Materials 



Visualization skills and use of computer graphics in mathematics. 

L Experience activities which enhance three-dimensional visualization 
skills. 

2. Explore geometry and pose problems using computer-assisted 
constructions. 

3. Cover the rules of logic using educational computer games. 



Software 

The Factory 
Super Factory 
Gertrude's Puzzles 
High Wire Ij)gic 
Geometric PreSupposer 
Geometric Supposers Triangles 
Geometric Supposers Quads 
Geometric Supposers Circles 



Handouts 
The Factory QJP) 
Colors of a cube 
Gertrude is a Pretty (LP) 
Pentominoes (FacUitator must 
provide; paper ones are OK) 
Geometric Activities (WS) 
Gertrude's Puzzles (PA) 
Supposers (PA's) 



Refreshments 
Pre-CIass 



Introduction 

Pentominoes 
5-10 Minutes 



Debrief 
5 Minutes 



Load a puzzle from Gertrude's Puzzles into each computer. As 
participants arrive, get them started on this software. (Note: This same 
software was used in the Problem Solving Session. Here the emphasis is 
on spatial visualization which is a very important aspect in solving many 
types of problems.) 

Purpose: Explore use of math manipulatives in geometry. 
Hand out the pentominoes without saying what they are. 
What do all of these pieces have in common? Obrsrve as participants play 
with these mathematical manipulatives. Listen to what participants say to 
themselves and to each other* Encourage them to verbalize what they are 
conjecturing and learning. (If activity lags, you might suggest that they 
try to arrange their pentominoes into a rectangular shape. You might ask 
if it is possible to arrange them into a square, using all of the pieces.) 

What roles do such math manipulatives play in geometry instruction? Are 
they mainly suitable for use in the elementaiy school grades, or arc they 
also useful at the secondary school level? Are there some other math 
manipulatives that the participants commonly use in teaching geometry or 
other secondaiy school math topics? 
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Activity Ask participants to draw a three by three square grid of dots on a piece of 

5 Minutes paper- Then ask them if it is possible to draw a connected line path 

consisting of no more than four straight line segments in a manner that 

passes through each dot at least once. 



• • • 

• • • 

• • • 



Discussion Debrief the activity- The answer is YES, but for many this is a difficult 

5 Minutes exercise. The difficulty lies in setting a mental boundary on the problem 

To solve the problem, one must allow the line segments to go outside the 
boundary of the large square that the dots define. We want students to 
solve problems and often they will put extra conditions on the problems. 
How can wc break down some of these barriers, boundaries? 



Activity Purpose: Experience logic games in pictorial format Instructions on 

15 Minutes overhead or board or handout: 

• Press the space bar and Gertrude flies away- 

• Solve the puzzle 

^ Press the space bar and do the same puzzle again- 

• What is the optimum strategy for solving this puzzle? 

• If time permits, try another room. 



Debrief What grade level arc these activities appropriate for? 

Where does this fit into geometry? 

What might we mean by the concept of mental images providing physical 
boundaries for abstract ideas? 



Demonstration 

10 Minutes 
The Factory 



Alternative 

Break; 
Collect Logs 

Activity 
Super Factory 
The Factory 
15 Minutes 



FoTJose: Practice whole group visualization activity- Use a large 
screen monitor or computer projection system- Make a product explaining 
the three type^i of machines- 
Point out the Test the Machines option on the menu- 
(Note: The Factory was used during die Problem Solving Session earlier 
in this inservice series. It is an excellent piece of software for helping 
students pactice a number of important ideas in problem solving. But it 
is also an important piece of software for giving students practice in 
spatial visualization-) 

Demonstrate The Super Factory- 



Purpose: Participants practice visualization skills using eitiier 
SuperFactory or The Factory. Participants work in pairs to solve the 
problems- 



'A2 
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Discussion 

5 Minutes 



Debrief the activity. What was the computer useful for? Where does this 
skill fit ill the cuniculum? Where is this skill useful? Mention Pat 
McClurg's dissertation and Billy Yate's dissertation. Both of these 
research projects suggested that use of The Factory is helpful m 
de^/eloping Ae spatial visualization skills of students. Was the activity 
int^wsting? 



Activity 
45 Minutes 
Geometric 
GeonKtric 
Activities (WS) 

Debrief 

10 Mmutes 



Purpose: Participants will explore geometric relationships. 

Load the Supposers and hand out the Geometric Activities (WS). Put the 

performance aids on the appropriate computers. Let them explore. 



How does this type of tool affect the Geometry cuniculum? Can also 
discuss possible project ideas. 



Debrief last week's Game of the Week 
Introduce this week's Game of the Week 



0 
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4.63 Timeline 



This sample timeline for a two-hour inservice is based on thtj materials in Section 4.6.2. Have 
a large-scrcen monitor available for this session, one or more Micintosh computers for use with 
Geometry from Broderbund, and paper circles already cut out for the first activity or scissors 
available so tiiat people can cut out their circles as soon as they airive. 

0:00*0:1 0 Pentominoes exercise. Have a set of pentominoes (cut from stiff paper is OK) 

to give to each participant as they arrive. Do not give them any directions. Or, 
give bare minimum directions such as "Why don't you play with these fro ? 
while while we wait for the rest of the pcoph^ to get here." 

0:1 0-0:1 5 Debrief tlds exennse. Emphasize the value of having aids to ipatial 

visualization and manipulation. 

0:1 5-0:25 Have Geitrude's Puzzles loaded onto the computers before paricipants arrive. 

As soon at the previous activity is completed, get participants woridng on this 
piece of software. Emphasize that they pay special attention to how a 
compu^*^ with its flat screen display can be used to display three dimensional 
objects. 

0:25-0:30 Debrief. How "good" are the computer graphics in this piece ( 5 software? 

What would mate them better? Are they good enough so they do not distract 
from woiidng with the problems in this program? 

0:30-0:40 Demonstration Class activity using Siq)er Factory, Have the entire class 

woric on a chahengc problem after a bri^f explanation. 

0:40-0:45 Debrief. What was the computer useful for? How does this type of software 

affea the gfX)metry curriculum? Does it? Sho"Jdit? 

0:45*^0:55 Debrief last week's Game of the Week. Briefly describe the software stations 

that will be available for participants to woric at after the break. 

0:55-1:05 Break. Collect logs and Game of the Week sheets. Load the Supposer's 

series and Geometry into appropriate computers. Leave Super Factory loaded 
for those interested in playing with it, 

1 :05-t :50 Allow participants to go to ttie various stations. There should be time for 

participants to get an initial exposure to two different pieces of software. At 
each woricstation there should be one or more "experts'* (participants who have 
had a chance to work with the software during the previous week) to help 
answer questions. 

1:50-2:00 Debrief. Now that they have seen the joftware, can it be integrated easily? Is 

hardware and access still the main problem, or teacher insecurity? With tiie 
software available, especially Geometry, will students be able to "catch up*' on 
their own? Will they use the software for demonstration and class activities? 



14 
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4.6.4 Handouts 

This section includes handout materials needed by the participants during Session 6 of the Math 
Inservice, The faciUtator may find it useful to make some of these into overhead projector foils fur 
use during the inservice. 



Index to Handouts Page 

Super Factory 2 

Geometric preSupposcr: Points and Lines 2 

Geometric Supposen Triangle 2 

Geometric Supposen Quadrilaterals 3 

Geometry 3 

Game of the Week 4 

Results of Game of die Week 5 



.15 

Cl3 NoL'^ook • 4.6.4 Handouts • Page 1 



Super Factory 

(ijrades 4-12) 

Super Factory is a problem-solving thrfxC-dimensional visualization game- It is designed to 
teuch several important problem-solving strategies: working backwards, analyzing a process, 
determining a sequence, visual reasoning and rotation. 

Super Factory consists of three levels: 

!• Research - allows students to explo^ Jiree dimensional objects. Students can "play" 
with a three dimensional cube; they can try returning the cube to its starting position. 

2. Design - Allows students to plan a strategy and execute it, 

3. Challenge - confronts the students with a problem to solve. They must duplicate the 
pictures on the faces of a cube. 

Super Factory comes with three programs, a diskette, a teaching guide and a back-up diskettt. 
There are versions for Apple, Atari, Conmiodore, TRS-80, and IBM computers. Super Facte j is 
available for $59 from Sunburst Communications, Room D 7575, 39 Wasiungton Ave., 
Pleasantville, m' 10570, Phone (800) 431-1934. 



Geometric preSupposer: Points and Lines 

(Grades 4-12) 

The Geometric preSupposer is a program designed primarily for learning and teaching 
geometry in the elementary and middle school grades. The preSupposer enables the user to carry 
out constructions and to draw segments, circles, angle bisectors, perpendiculars, and parallels, as 
well as measure and do arithmetic combinations of t measures. 

There are seven noenus and five submem*.s which .Jlow for ease of use in creating geometric 
drawings. The Geometric preSupposer comes with a diskette, teacher's guide, reproducible acdvity 
sheets and a back-up diskette. It is available for the Apple computer. The Geometric preSupposer 
is available for $99 from Sunburst Communications. 



Geometric Supposer: Triangles 

(Grades 7-12) 

D\t Geometric Supposer: Triangles is a program that allows the user to relatively easily carry 
out a variety of constructions that are possible using a straightedge and compass. These include 
construction of triangles as well as the drawing of segments, medians, altitudes, parallels, 
perpendiculars, perpendiciilar bisectors, angle bisectors, and inxribed and circumscribed circles. 
In addition, the user can measure lengths, angles, areas, and distances as well as the arithmetic 
combinations of these n^asures. Of course, it takes a fair amount of effort to learn to tell the 
computer to do these constructions. 

This program provides students with a tool to learn about properties of triangles and to make 
measurements, change scale, and repeat experiments. Students can make conjectures about 
triangles and experiment to see if the" are true or not 

There are seven menus and five submenus which allow f.jr ease of use in creating geometric 
dravirdngs. The Geometric Supposer: Triangles comes with a diskette, teacher's guide, 
reproducible activity sheets, and a back-up diskette. It is available for the Apple computer. The 
Geometric Supposer: Triangles is available for $99 from Sunburst Communications. 
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Geometric Supposer: Quadrilaterals 

(Grades 7-12) 

The Geometric Supposer: Quadrilaterals is a piw^ram that allows the user to relatively easily 
carry out the types of constructions that are po:»sible using a straightedge and compass. These 
include construction of quadrilaterals as well as the drawing of segments, parallels, perpendiculars, 
angle bisectors, and inscribed and circumscribed circles. In addition, the user can measure lengths, 
angles, areas, and distances, as well as the arithmetic combinations of these measures. 

Tliis program provides students with a tool to learn about properties of quadrilaterals and to 
make measurements, change scale, and repeat exi/jriments. It allows students to make any 
constmction they wish on aiiy quadrilateral. The program records that construction as a procedure 
that can be executed with any other quadrilateral. The user can explore whether the consequences 
of a given construction are dependent on some particular property of that quadrilateral or if the result 
can be generalized 

There arc seven menus and five submenus which allow for ease of use in creating geometric 
drawings. The Geometric Supposer: Quadrilaterals comes witli a diskette, teacher's guide, 
reproducible activity sheets, and a back-up diskette. It is available for the Apple computer. The 
Geometric Supposer. Quadrilaterals is av lilable for $99 from Sunburst Communications, 



Geometry 

(Grade 9-college) 

Geometry is a Macintosh program that helps to illustrate and/or teach many of the classica' 
topics in plane geometry. It follows a classic geonietry curriculum. It reviews, amplifies, and 
complements a ye ^r long geometry course. It has a blend of tutorial material, over 350 problems 
and proofs, and special interactive animation that allows you to experiment with the basic concepts 
of geometry. It also has a specially developed module that gives extensive practice and assistance 
with proofs. 

Geometry comes with two disks and a User's Guide. Geometry is available for the Macintosh. 
It requires a 512K (or up) Macintosh or Macintosh Plus and an ex ternal drive. Geometry is 
available for $99,95 fix)m: 

Broderbund 

17 Paul Drive 

San Rafael, OA 94903 

(415) 479-1700 
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Name 

Game of the Week 

Do either I and 2 together, or 3 by itself, 

1. The "changing process" can be verv jficult. How do you feel about the changes a computer 
can make in your curriculum? Excitement, resistance, fright, r^re trouble than it's worth, 
etc., are all natural feelings. Please be honest Ifitwillhelp, leave your name off and just 
make sure I know you turned this in next week. 



2. Do you think software writers should write more programs like Geometry from Broderbund 
(essentially a textbook in compujcr form, but with all the advantages of computer graphics)? 
Why or why not? Would you tend to use software of this form over others? Why or why 
not? 



3. {Optioned Game of the Week) Richard Handler and John Grinder arc psyche uierapists who 
have developed a field of study that they call Neuro Linguistic Rx)gramming. They have 
written a number of bocks on this topic. A good introduction to their ideas is provided in 
Frogs into Princes: Neuro Linguistic Programming published in 1979 by Real People Press, 
BoxF, Moab, Utah 84532. 

Handler and Grinder suggest that people have a variety of methods of accessing and 
processing information, with visual, auditory, and kinesthetic being the most important 
Some people have visual as their primaiy acquisition^rocessing mode, while others have 
auditory or kinesthetic as their primary mode. 

Research in mathematics suggests that being quite good at visual acquisition/processing of 
information is related to being gcod at mathematics. This type of research may suggest that 
students who arc good at visual acquisition^rocessing of information may be good at 
geoir^try. 

Sandier and G"j:der*s research indicates that one can often pick out people whose primary 
"node of information acquisition/processing is visual by observing their eye movements as 
they answer questions such as "What color is the top of the three lights at a stop liglit*' and 
"WIl-. color was the rug in the living room in tlie house you lived in when you were in grade 
school?" Visually oriented people lend to uiove their eyes up (look up and to tiie right, or up 
and to the left) when atteinpting to answer such questions). 

This Gd-^z of the Week is an experiment Obser/c the eye movements of students as you 
ask them such questions. Note which students have eye movements up and to the right or up 
and to the left- Then attempt to reL'.!e this to how good they arc in geometric aspects of the 
math curacul m you teach. 



ERLC 
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Results of Game of the Week 



{Note: This is not intended to be a handout Rather, it gives the inservice facilitator an indication 
of the types of responses that participants might provide in responding to the Game of tiie 
Week) 



There are two choices for this week's game. The i^.sults for botii follow: 

1. The "changing pnx:ess" can be very difficult How do you feel about the changes a 
conq)uter can make in your curriculum? 

• excitement 

• problem-solving 

• still have to leam the basics 

• frustration because not enough hardware or software available 

• difBcult because of time needed 

• infusion of fresh ways to work on a problem 

• refocusing of what is really important in math 

• scheduling problems for use of computers 

• will allow students to address conceptual matters in a more relaxing and fiin manner 

• difficulty in finding the right software to do what is needed 

• teacher training ne«ied 

• necessary preparation a hassle 

• need someone who can "troubleshoot" on short notice 

• need lab assistant(s) and money 

• a good tool for student use 

• still considered a toy by students who want to "play" games 

• may be more trouble than it's worth 

• chance to create thu future and help decide what uses are best 
o challenging to integrate 

• at this point, it will add to a teacher's woridoad 

• at this point, ideal circumstances are not available in terms of hardware, software, help, 
etc., so too much extra work ; j ask of a teacher 

• learning to use the tool is not a priority at this point 

• motivation for teachers is difficult because of time involved 

2. Do you think software writers should write more programs like Geometry from Broderbund? 
Why or why not? Would you tend to use software of this form over others? Why or why 
not? 

• Yes, if instructions were easy to follow. 

• Yes, as a tutorial. One great advantage to using computers is to get away from textbooks! 

• Can see some applications, but need to see more programs before a decision can be made. 

• Yes, the graphics are very nice and students can understand better. 

• Yes, for independent woiidng students. Nice form for review or catch up, but until it is 
available for all, not very practical. 

• No, scftv/are should be an addition to a textbook. 

• No, it's 100 limiting. Computers (software) should keep up witii tiie changes, not be like 
a textb.ook that is behind the times in terms of curriculum changes. 

• No reason to have a computer replace a textbook. 

• Yes, as a resource room tool where a student can get extra help. 

• Yes, the visual effects were excellent! Much easier for a student to understand than a 
standard textbook. 
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Primary accessing mode — eye movemsnt 



la a middle school low level math class, the top students tended to look up, whereas the 
rest tended to look down rather than sideways. 

In a high school geometry class, the top students tended to have a lot of eye movement, 
not necessarily always looking up. Students ;vith average to below average grades tended 
to he'/e less eye moveirenL 
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4.6.5 Materials 



These materials in this section arc designed to be used with students at a variety of grade levels. 
They represent the types of activities that can be done with students after learning tiie material in 
Session 6. 

Inservice facilitators may use of some of these materials during the inservice session. If the 
session is more than two hours in length, it is appropriate to have participants work through a 
number of tiiese student activities. 



Index to Matenals Page 

(LP) Gertrude is a Pretty Smart ' Goose 2 
(WS) GeonKtric Activities 3 
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Gertrude is a Pretty Smart Or Goose 



Description: 

Topic: Logic and PatteiDS 
Grade Level: 2-12 
Time: 10-30 Minutes 
Grouping: Pairs of students 
Objectives: Different for different levels 



Materials: 

Software: Gertrude's Puzzles 
Equipment: Computer and color monitor 
Other materials: Attribute blocks 



Before you start: 

Determine the goals according to the level of the students. At die beginning levels it is useful 
to use attribute blocks before and after using die computer 

Lesson: (Sequence of instructional activities) 

1. Students practice moving the green square and exploring die rooms. It is easier and 
quicker to use a joystick tiian the keyboard. 

2. Students leam how to play each of the games (six in all) one at a time, with whole class 
discussions after all students try a particular room (game). After discussing the strategy 
used and what was learned, students return to try that same room and improve dieir logic 
skills. 

3. Determine the optimum strategy for each of the rooms. 

4. Determine the least number of steps for solution in each room. 

5. Determine all the possible solutions given a specific set of pieces aii J a puzzle. 

6. Use the shape editor to design new pieces. 

7. Off-line: have students design board games that are similar to Gertrude's rooms. 

8. Students keep a map .is they traverse die rooms. A complete map is quite complex. 

9. How many distincdy different variations are possible for each of die rooms? Consider bodi 
the combinations of puzzle pieces and die distincdy different solutions. 

Post: 

1 Gaxnc the>oiy can be explored at many different levels. For example, how often does 
Gertrude bring a blue diamond? Determine all die distincdy different combinations possible 
using die given set of pieces. 

2. Design a set tiiat has more dian one piece diat looks alike. What happens? What real life 
situation does this simulate? 

3. Have students design games widi game pieces, rules, and randomness. 

Comments: 

This is often treated as a child's game - too simple for older children. Often die reverse is true. 
It appears to be simple and yet many of die rooms are challenging. 

In addition to the logic, patterns, and attribute training, die laws of probability, combinations, 
and permutations can be explored extensively. Once students have learned die strategies and have 
discussed and compared diem, go on to programs diat allow students to build challenging games; 
for example, Pinball Construction Set, LodeRunner, or Planetary Construction Set. 
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Geometric Activities 



Listed below are some geometrically oriented exploratory exercises that can be done with 
stud'^nts at a variety of grade levels. For many of these, the Geometric Supposer software would 
be quite useful. 

L Look at five isosceles triangles or five rhombuses (or five of anything) and make a definition 
based on comparing and contrasting lengths of sides and degrees of angles, perimeters, and 
areas. The idea here is to give students five different examples of something (such as an 
isosceles triangle) and ask them to write a definition that encompasses all five examples, but 
that is as narrow as possible. Thus, students seeing five different isosceles triangles might 
write a definition "A closed, connected figure made from three line segments," But that 
definition holds true for all triangles, so is not narrow enoush. 

2. Draw a triangle on the boanL Ask students tr raw a line parallel to the triangle. Ask them to 
draw a line perpendicular to the triangle. Have them make up a "reasonable" definition of 
what it might mean for a line to be parallel or perpendicular to a triangie. The same exercise 
can be done startiung with other geometric figures, 

3. Draw a triangle, any triangle, select a label category, and reflect the whole figure. Does the 
reflected triangle have the same area? same angles? Justify your answers, 

4. Sums of angles: Either cotap^Jire the stun of angles in a variety of triangles (right, acute, 
obtuse, isosc*^',;s, and equilateral) or quadrilaterals (parallelogram, trapezoid, kite, and 
random). Compare the sum of the exterior angles. Look for patterns and generalizations, 

5- Constnict a triangle. Draw a median and compare the areas of the two smaller triangles. 
Compare the perimeters. Repeat these steps for at least two more triangles. (Tiis requires 
more thought using certain pieces of software than others), 

6- Start with any random quadrilateral. Connect the midpoints of the sides consecutively. What 
can be said about this smaller quadrilateral? Repeat these steps for at least two more 
quadrilaterals. (This requires more thought using certain pieces of software than others). 

7. How does a central angle compare to an inscribed angle in a circle? 

8. Find a circle with the same area as a square. That is, start with an arbitrary (unspecified size) 
square. Then using the standard straight edge and compass construction techniques, construct 
a circle with the same area as the square. 

9. Trisect any angle. That is, start with an arbitrary (unspecified size) triangle. Then using the 
standard straight edge and compass construction techniques, divide the angle into three equal 
angles. 
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SESSION 7: INVERTED CURRICULUM 



4,7 J Narrative Overview 

With computers becoming incieasingiy available in schools, a major question that keeps 
popping up is: Should we continue to teach the "conventional" mathematics topics in the order that 
we arc teaching them now? Computers arc allowing much younger students to do "more difficult" 
mathematics on an intuitive level. Computers can help students address problems that traditionally 
arc kept firom them until their later mathematical years. 

(iaphing data or fun^;tions and solving equations are typical examples that come up when 
people discuss an invertec. curriculum. An inversion occurs when we teach a student to use 
computer tools to accomplish these tasks before we teach how to accomplish the same task by hand. 
Ind^d, students may leam machine methods for some tasks for which they never learn manual 
methods. 

It is generally agreed that problem solving is indeed something that mathematics teachers want 
to encourage in students as young as possible. Even before calculators and computers, we have 
questioned whether to teach students to use certain tools and ideas before they fiilly study and 
understand the imderlying theories. Computers merely add another dimension to this question. 
Can students "understand" what they arc doing when a calculator or computer does much of the 
work? Can/should students really solve problems using tools and ideas that they do not fully 
understand? Teachers who have used computers in the classroom as an exploratory tool are amazed 
at how much math younger students can discover if left to their intuitive abilities with just a few 
hints or a littie help now and then. So the question becomes: When do we teach which concepts? 

We don't have an answer. But it seems to make sense that if students at younger ages arc able 
to "discover" some mathematics, they should not be held back or told they have to wait until later 
before they caii do those types of problems. This will mean a rearranging of curriculum and scope 
and sequence. 

The mathematics education community works at curriculum change both firom a top down and 
a bottom-up approach. Attempts to implement "new math" repres.ut a top down approach. Much 
of the current calculator use in the curriculum has come about tlirough a bottom-up approach. ^ 

Most uce of computers in the math curriculum has come about through a bottom-up approach. 
Many individual math teachers arc taking the time and effort to leam how to use computers and are 
using their knowledge in their teaching. If we wait foi a directive from the country, state, county, 
or even the district level, it will likely be quite some time before anything will happen. Eventually, 
the larger entities 'aiII catch up with what is going on in the individual schools and classrooms aiid 
will mandate reform of some type. But those who on the leading edge want to make changes 
now. 

This particular session focuses on what an individual teacher or individual school can to 
implement computer-related changes in the mathematics curriculuoL Changes in mathematics 
education do not happen quickly. Therefore, we take the optimistic attitude that any change that 
occurs because of this inservice is a step in the right direction. If all this session does is make a 
participant aware that she or he is capable of implementing a very small change, it will be a success. 
Rarely will a participant leave this inservice and become a prophet or "instant integrator" of 
computers into the curriculum. With that thought in mind, facilitate the debriefings by getting ideas 
and suggestions ftom all participants, and be aware tliat just thinldng about change is a major step 
for many participants. 
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4.7.2 Script 



Because of the special nature of this session, it isn't appropriate to prepare a detailed script. 
This session is designed primarily as a sequence of small group and large group discussions. It 
emphasizes getting participants to more fully understand that using the computer as a tool allows the 
"inversion" of the order of teaching many topics. Computers allow a major shift in emphasis in 
what it means to learn a topic. 

The NSF inservice had a number of participants from each school, and it had participants finom 
a number of schools. Thus, in small group discussions it wa"^ appropriate to divide participants up 
by schools or by the particular types of math courses they teach 

The first approach lays foundations for continued meetings of the math staff in a particular 
school Since not all nmth staff from a school were participating in the inservice, any change 
involving the whole staff would have to be based on whole staff meetings at the school. 

The second approach to dividing participants into groups allows coordination between schools. 
If there arc to be significant changes to the math curriculum in a school district, there will need to be 
a lot of coordination among all of the schools. Since not all schools were represented in the 
inservice, a number of additional meetings involving the wider audience would be needed 

If participants have not already read Section 1.1 " What the Research Literature Says" about 
change in education, assign it as reading to be done before the current session. It gives 
foundational information about change in education, what works and what doesn't. 

Vivian Johnson's Ph.D. dissertation work, which was based on long term evaluation of this 
NSF project, suggests that it is quite important for a school to have a long-range plan for computers 
in the school. Schools that have such plans tend to make more instmctional computing progress 
over a period of years than schools lacking such plans. Thus, one central focus of the current 
session could be the la^dng of groundworic for getting each school to develop its own long-u^ige 
plan for conciputer use diroughout the entire curriculum. For more lifcrmation on long-range 
planning, you might want to r^ed Long-Range Planning for Computers in Schools written by David 
Mounund and Dick Ricketts. It is published by Information Age Education, 1250 East 29th Place, 
Eugene, Oregon 97403-1621. The phone number is (503) 345-1575. 
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4.7.3 Timeline 



This sample timeline is for a two-hour inservice session. Have an overhead projector 
available. There was no computer use for this session. 

An alternative approach to devoting a specific session to the inverted curriculum is to introduce 
such ideas throughout the sequence of inservice sessions. 



0:004):25 Intxx^uction to the idea of an inverted curriculum and possible futures of 

mathematics education. Present and have discussed an overall philosophy of 
what a teacher can do as an individual, a departn^ent, a school, a city, etc. 

0:25'*0:30 Activity 1. The participants should fill in the blanks "off the top of their 

heads." 

0:30-^:45 Discussion. In groups of three, each from a different school, participants 

share and discuss their answers. They can use the back of the page for 
different observations, responses, questions, and concerns. 

0:45-0:55 Debrief as a whole group. As other ideas, questions, and concerns come up, 

participants can note them on the back of tiieir papers. 

0:5&-1:05 BrcaL Collect logs and Game of the Week. 

1 :05-1 :1 5 Debrief Game of the Week. 

1 :1 5-1 :20 Activity 2. As individuals, fill in the blani-s, again off the top of their heads. 

1 :20-1 :35 Part 2. Get together in school groups and discuss responses. Share ideas 

and thoughts. What does it mean in terms of the math curriculum? How can 
computers facilifete problem solving? What can you, as an individual teacher, 
do to bring about change in a smooth fashion? What do you see as changing 
in the future of math education? How can you convince others in your 
department/school/district that computers should be used as a tool? Do not 
spend time on 'TLack of (hardware, software, books, trained teachers, etc.) 
..." issues. Look at long range goals and positive steps that can be taken. 

1 :35-1 :47 Each school will give a three minute synopsis of what their school came up 

with in terms of steps and activities they can do. 

1 :47-1 :50 Announcements; reminder that participants will do their final presentations in 

the next session. 

1 :5G*2:00 Hll out evtJcation form. (The project evaluaiox used tiiis time as part of the 

formative evaluation of the whole NSF project) 
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4J.4 Handouts 

These handouis are needed by participants diuing Session 7. The facilitator may £nd it useful 
to make some of these into overhead projector foils to use during the inservice. 

Index to Handouts Page 

Math Education for an Information Age S xicty 2 

Game of tiie Week 3 

Alternative Game of tiie Week 4 

Game of die Week Outcomes 5 



^ { 
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MATH EDUCATION FOR AN INFORMATION AGE SOCIETY 



Question: What could be done to make mathiematics education more appropriate for students in 
our cunent and future Information Age society? 

This handout consists of three distinct parts. The first part focuses on what can be done in the 
individual schools of the participants. 'Hie second focuses on school districts. The third focuses on 
what individual participants in the inservice sessions can do as individuals^ as members of a school 
faculty, and as members of a district faculty. In a typicaJ. inservice sesfjion this handout might be 
used for three distinct activities. The first activity would focus on individual schools, and Sie first 
part of the "numbered** parts of the form given bcJow, etc. 

When requested to do so, please vvrite very brief response??, giving your "off the top of the 
head" ideas* In each case the "a" response should not be computer-based and the "b" response 
should be computer-based- Do not go on to the second and diird activities until there has been 
discussion and debriefing on the first activity. 

L (First Activity): What could be done in my school ? 
a, (Not computer-based) 



h. {Computer-based) 



2. (Second Activity): What could be done in my school district? 
a, {Not computer-based) 



b. {Computer-based) 



3. {Third Activity): What could I do in my own teaching to support ideas from i. and 2. above? 
a, {Not computer-based) 



b. (Computer-based) 
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Name: 

Game of the Week 

For many smdents, the reward for "learning" their math comes much later in life. Ask several 
or all students in each of your different classes these questions, 

a Why are you taking this math class? 

What do you expect to learn in this math class? 

c. Do you ever expect to have to use any of the skills you have learned in this class? 

A Do you think that any of the math you have leameu will help you in any way later on in your 
life? 
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Alternative Game of the Week 



List or d^cribe activir' *hac you (the teacher) do in your classroom that can now be enhanced or 
made easier by the use ui a computer as a tool. Pay particular attention to the idea of an inverted 
curriculum 
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Game of the Week Outcomes 



Note: This is not intended as a handout Rather, it is a brief discussion to give the inservice 
facilitator some ideas on outcomes that niay be expected from the Game of the Week. There were 
two choices for this week's game. 

1. For many students, the reward for "learning" their math comes much later in life. Ask som^ 
students in each of your different classes these questions: a) Why are you taking this math 
class? b) What do you expect to learn in this ^th ciassV c) Do you ever expect to have to use 
any of the skills you have learned in tiiis class? d) Do you think that any of the math you have 
learned will help you in any way later on in your liife? 

In answer to (a), middle school students responded mainly with: 

• it's required 

• to learn math 

• to learn to be a grown-up 

• to get a job 

• for education 

• to get a good giude as it's my favorite subject 

ffigh school math students answered similarly but also added statements such as: 

• for college entrance 

• it's required 

• I don't know 

• I relate to objects belter than to numbers this was from a geometry student 

In answer to (b), middle school students answered. 

• math • alg-^ora/g" ^metry 

• fim things • +,-,xy, fractions, decimals 

• how to do taxes • everything you need to know 

• how to use and understand math ♦ mental mMh 

• different ways of doing math • math for jobs 

• learn to be better and faster at math 

High school math students said: 

• geometry 

• more about shapes and polygons 

• ho^v to do math 

• constructions 

• how to solve story problems 

In answer to (c), middle school students responded: 

• over 50% just said "yes'* with nc clarification 
^ I don't know 

• in school 

• at home 

• balancing a checkbook 

• figuring out my g.p.a. 

• working with computers 

• cooking 

• working on cars, bikes, Jtc. 



• a lot of things 

• I don't know 
theorems 

• formulas 

• stuff to use in science courses 



• at various jobs 

• shopiping 

• helping my kids 

• athletics/games 

• business investments 

• in math classes 



a3 Noiel nk • 4.7.4 Handouts • Page 5 



High «^hool math students answered: 

• about 50% just said "yes" with no clarification 

• yes, some of die skills will be used 

• no, I will never need these skills once I finish ihis class 

• I use it in science classes 

• I will use it in the next math class 



In answer to (d), middle school students answered: 

♦ Over 50% answered "yes" with no clarification 

♦ I don't know 

♦ getting a job • balancing a checkbook 

♦ when I'm older • doing iuconie taxes 

♦ reading a map ♦ measurement 

♦ depends on the job ♦ no 



High school math students answered: 

♦ Basic skills arc necessary for my future 
Yes (no clarification) 

♦ I don't know 

♦ I hope not 



Alternative Game of the Week* List or describe activities that you (the teacher) do in your 
classroom that can now be enhanced or made easier by ihc use of a computer as a tool 

Middle school math teachers in 1986-87 answered as follows: 

♦ gathering materials to use computers twice a week 

♦ gradebook program 

♦ computer makes more piufessional-looking teaching aids 

♦ simdarions 

♦ produce graphs of data collected 
« visual thinking/logical thinking 

♦ geometry 

« drill and practice 

♦ use databases or spreadsheets in developing real life problems 

♦ integration of math and science 

♦ graphing of equations 

♦ woridng with interest rates 

♦ applications methods/ project 



High school math teachers in 1986-87 answered as follows: 

♦ statistics • graphing eG'>iations 

♦ a^ja under a curve 

♦ ccnstnictions 

♦ applications 

♦ positive-negative numbers 

♦ drill and practice 

♦ problem-solving strategies 

♦ geometry— using software to have students generate hypotiieses 

♦ computer could do routine work while students do die thinking 



tutorials 
kecnuig records 
volumes 
proofs 
visual aids 

making worksheets, tests 



ERIC 
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4.7.5 Materials 



These materials provide an alternative way to organize this session. The idea is to divide the 
pardcipants into discussion groups, using the materials to focus the discussions. TTiis approach 
divides the two-hour inservice into two parts. During each part, the groups carry on a cfiscussion 
for about 3(M0 minutes. Then there is a brief whole-gro".p debriefing. 



Index to Materials Page 

Exercise 1 ' 2 

Exercise 2 3 
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Exercise 1 



This is a role play exercise for a group with six or more participants. The six roles are parent, 
school administrator, math and/or computex tear:her, department head, student, and district 
computer coordinator. In a discussion group, there should be one or more people assigned each 
role. A penon assigned to a specific role should try to think and respond as that individual during 
the entire discussion. Questions and reactions should be spoken as a concerned, intelligent 
participant of this group. 

Parent. Average parent from your particular school. '*Math was hard for me, but I usually did my 
worksheets. I think that it was good for my brain." 

Administrator. Concerned about parent, teacher, and student reactions to computers and the 
changing curriculum. "I have lived through a lot of changes tiiat were going to make school better. 
Educational TV was one of them. I am always open to change, but I've been around the block 
more than once." 

Student. Average student at your particular school. "I've been told that math is good for me and 
useful, but we don't seem to make much use of it outside of the math class. My parents want ^.xc to 
take it" 

Mathlcornputer teacher. Yourself. (Inservice participant to play him or her self.) 

Department head: Yourself or how you think a department head may react '1 think we could be 
doing a lot better in terms of making our courses relevant, of interest to students, and of higher 
quality." 

Computer coordinator Your job is getting tilings togetiier and moving. "If all students had good 
and easy access to computers, a*;d if their teachers knew more about computers, our school system 
would be a lot better." 



There Suould be a recorder and a chairperson for ea^th group. The recorder should take down 
any questions or concerns so tiiat they may be discussed during the second session. The 
chairperson should make sure that everyone has a chance to speak and express their ideas and 
concerns. In a meeting setting, discuss the impact of computers and how they might change the 
curriculum, and the problems, advantages, disadvantages, and concerns from your point of view. 
How will computers affea teaching in general? Hardware and software shortages may come up m 
the discussion, but they should not be a major focus point 
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Exercise 2 



Fonn groups on the basis of schools, grouping several schools together if necessary in order to 
have about 4-6 participants in each group. Each participant should assume the role of a mathematics 
education leader who is deeply concerned with improving the mathematics education system. 
(Think of yourself as a department head or «is a person at the level of a district math curriculum 
specialist) Have a recorder so that ideas can be brought up again during debriefing. Some of *he 
topics or ideas that your group might talk about include: 

• What do computers mean in terms of the math curriculum? 

• What do you see changing in the future of math education? How will these changes ^ead to 
having a better mathematics education program? 

• Problem solving has been stressed — how can the use of computers facilitate this? Can it? 

• Can computers help in transfer of learning? 

• How can you convince others in your department/school that computers should be 
routinely used as a tool? 

• What can you, as an individual teacher, do to bring about the change in a smooth fashion? 

The discus^on might focus on coming up with a specific set of policy statements to be adopted 
by the policy makers of the school district For example, a policy statement might bo "We will 
provide all of our high school students with scientific calculators and a^ow their use on aU tests they 
take except those statewide and national tests that specifi'mlly prohibit use of calculators." Another 
poljv:y statement might be "All new math teachers we hire must be computer literate. All current 
math teachers will be expected to become compute^ literate during the next three years, and we will 
provide them with appropriate and adequate help in achieving this goal." The whole group 
debriefing at the end of the discussion time could then focus on a sharing of poucy statements. 
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4.7.6 Readings 



This section is designed to supplement the materials presented during Session 7. It 
appropriate to assign these readings as homework for inservice participants. 



Report of a Conference Sponsored by 
the 

National Science Foundation 



COMPUTING 
AND MATHEMATICS 

The Impact on Secondary School Curriculum 
(Published in 1984 by NCTM) 



James T. Fey, Editor 
with 

William F. Atchison 
Richard A. Good 
M. Kathleen Heid 

Jerry Johnson 
Mai7 G. KanCowski 
Linda P. Rosen 



NATIONAL COLTVICIL OF TEACHERS OF MATHEMATICS 



3S 
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Impact of Computing 
On Algebra 



(Reprinted with r/ermission jom the 
National Council of Teachers of Mathematics. ) 



The secondary school mathematics program for college-bound students begins with, and is 
dominated by, topics from algebra. In the United State j, a one-year course in elementary algebra 
introduces die concept of variable, the uses of variables to express quantitative relations, and 
procedures for manipulating expressions to solve simple linear or quadratic equations. A second 
one-year course extends these ideas and techniques to more complex situations, and for many 
students, further courses in advanced mathematics rely heavily on algebraic concepts and methods. 
For niany students emerging from high school, mathematics is synonymous with algebra. It is ot 
uncommon to hear calcdus students exclaim, "I know what to do, but Tm hung up on the algebra," 

The prominence of algebra in school curricula is not hard to explain. It is inconceivable that 
one could proceed very far in any branch of mathematics Mdthout the tools that algebra provides. 
The use of symbols for quantitative variables, operations, and relations provides an economy of 
expiession that makes conaplex ideas easily communicated Comparing the following algebraic 
forms from successive periods in the history of tM*hematics is convincing evidence of the value of 
modem notation (Cummins, 1969): 

What must be the amount of a square, which, (Rhetorical, ca. 

when twenty-one dirhems are added to it, 825) 
becomes equal to the equivalent of ten roots 
of that square? 

cubus p' 6 rebus aequalis 20 (Syncopated, 

ca. 1545) 

aaa - 3bba = +2ccc (Symbolic, ca, 

1631) 

ITie modem symbolic notation is, of course, fundamental in the expression of scientific 
principles, formulas in technology and business, and the structural properties of number systems. 
Beyond mere expression of ideas, the symbolic forms and manipulative techniques of algebra have 
proven fruitful in the discovery of entkely new facts and principles. After modem symlx)lism 
appeared around 1600, mathematicians of the seventeenth and eighteenth centuries made awesome 
progress through daring formal manipulation of expressions. As Judith Grabiner (1974, 357) 
points out, the equation 

(x - a)(x - b)(x - c) = x3 - (a + b + c)x2 + (ab +ac bc)x - abc 

'eveals relations between roots and coefficients of a polynomial dozens of numerical exanaples 
might not She suggests, "Relying on results like [die equation above], Albert T jurd in 1629 
stated that an nth degree equation had n roots - the first formulations of what Gauss later called the 
Fundamental Theorem of Algebra*" The powei* of symbolic notation was not limited to discovery 
in algebra. The Leibnizian notation for calculus, dy/dx and Jydx, has proved an invaluable aid to 
thinking about problems of differentiation and integration. During the eighteenth century, Euler 
performed impressive algebraic gymnastics with infinite series leading to derivations like die power 
series expressions for cos x and sin x. 
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In addition to facilitating discovery, algebraic notation provides a valuable tool for the 
verification of intuition. Conimenting on the role of symbolism in his work on the foundations of 
mathematics, Bertrand Russell observed, somewhat c^ptically, that 

Symbolism is useful because it makes thingj difficult. Now in the beginning everything is 
self-evident, and it is hard to see whether one self-evident proposition follows C^om another 
or not Obviousness is always the enemy of correctness. Hence we must invent a new and 
difficult symbolism in which nothing is obvious. 

(Bertrand Russell is quoted from one of his 1901 papers by R.E. Moritz [1958, 199].) 

As the development of algebra progressed from mere "generalized arithmetic" to a broader 
concern for any of the structures in^sed on sets by operations and relations, the abstract concepts 
of algebra have been useful in the unification of diverse branches of mathematics. Abstract algebra 
emerged as a twentieth-century development in pure mathematics, but its concepts and methods 
have now proved fundanaental in physics, computer science, and related problem areas. 

Given this record of impressive and fundamental contributions by algebra to all aspects of 
mathematics, there appear to be no grounds for a challenge to its central position in secondary 
schOHOl curricula. It is clearly the preferred language of expression in mathematics, and in 
applications of quantitative methods to other disciplines. So it would seem that students ought to 
learn as much as they can soon as they can. Indeed, when mathematics faculty assess the curr<;nt 
problems of college preparatory mathematics programs, they commonly recommend stronger 
preparation in the concepts and techniques of algebra. Nevertheless, current criticisms of sr!iOol 
algebra are diven:e and strong, and the potential impact of computing on algebra gives ftirtt.er 
support for a reexamination of the content and pedagogy of algebra in secondary schools. 



AKgebra in secondary schooi 

Algebra has been an important part of the secondary curriculum for over a century. In 1820 
Harvard Univei^ity listed algwbra as a requirement for admission. The Committee of Ten (1893) 
established algebra as an essential part of the curriculum, defining the course to include study 
through quadratic equadons and radicals. The spirit of that course was elaborated by the Committee 
of Fifteen (NEA 1895): 

The algebra course in the secondary school . . . very properly begins with severe exercises 
with a view to discipline die pupil in analyzing complex literate expressions ai sight and to 
make him able to recognize at once the factors that are contained in such combinations of 
quantities. (P. 58) 

The emphasis on manipulative aspects of algebra has been tempered over l^e years by calls for 
attention to the applications and unifying structural ideas of the subject In 1923 the National 
Committee on Mathematical Requirements of the MAA suggested that "the primary and underlying 
principle of the course . . .should be the notion of relationship between variables, including the 
methods of detenrunn^g and expressing such relationship" (1923, 12). The committee took an 
entire chapter of their ;ieport to support and explain the meaning of using the function concept to 
unify the algebra course. 

The 1959 College Board Commission on Mathematics and the 1963 Cambridge Conference on 
School Mathematics proposed modernization of the algebra course to include the deduction of 
algebraic methods from structural properties of the number systems. This "new maih ' view was 
ftequendy criticized as endorsing inappropriate abstraction, and in 1976 a joint NCTM/MAA 
committee report recommended that for college-bound students: 

Botli understanding and competence in the skills of algebra are necessary. Neitlier 
conceptual understanding nor technical skill alone will suffice in today's worid, let alone in 
tomorrow's. Algebra is a useful subject which will help io solve problems in the real world. 
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ITiis recent statement expresses well the persistent tension in school algebra between, on the 
one hand, attention to n^anipulative skills and the me±ods appropriate to such instructional goals 
and, on the other hand, attention to the broader structural ideas tii.it underlie the skills and their 
usefulness in applied situations. The report gliblj oveiljoks another persistent issue, the problem 
of finding genuine and convincing Ju:^ jrations of "real world'* applications for high school algebra. 
It seems fair to say that despite periodic reform efforts, the secondary school algebra curriculum hab 
always emphasized training in the variety of p;"oceduies for transforming one expression imo an 
equivalent and, it is hoped, more usable form The common pedagogy is to demonstrate a 
procedural rule and then have students mode) that procedure in extensive practice exercises. When 
the procedural rules are justified, it is usually by some generalization of an arithmetic procedure 
learned previously or by some intuitive mnemonic like '7 oranges plus 3 oranges equal 5 oranges." 
The problem material is primarily a collection of traditional puzzles involving coins, ages, moving 
vehicles, or workers sharing a task. These various problem types are also commonly taught by 
presenting an algorithmic scheme for each. When skeptical teachers challenge the syllabus of 
instructional emphasis, they are assured that skills are essential for advanced mathematics, 
especially calculus; when skeptical students balk at that argument, they hear that "algebra, like cod 
liver oil, is good for you - try it, you may not like it, but rest assured, it is doing good things for 
you" (Higginson 1977, 1). 

The iconoclasts of mathematics education have continually challenged weaknesses in the 
prevailing content and pedagogy ol algebra. Most recendy, Zalman Usiskin (1980) presented a 
shrewd analysis of topics tlidt should not be in the first-year algebra curriculum of college-bound 
students. 

1. Current world problems, though intended to teach translation of real-world conditions 
into mathematical form, are so contrived that they succeed only in teaching students that 
algebra "has no applications, thai you should not use common-sense arithmetic to solve 
[problems], and that algebra is difficult" (p. 416). 

2. Trinoniial factoring of expressions like ax^ + bx + c is justified primarily as a procedure 
for solving quadratic equations; however, it is a method that works for onl> jie very 
limited family of caiefiilly planned examples that appear in textbooks. When the 
coefficients are not carefully chosen integers or the polynomial reaches a degree higher 
than 2, the carefully practiced procedures are of litde use. 

3- The addition, m Jtiplication, and simplification of complex firactional expressions is a skill 
with utility for only a very limited number of students far in their mathematical future. 

Although similar ciiticism has faced the school algebra curriculum in the past, the force of the 
arguments has been strengthened unmeasuratle by the ei mergence of computers and subsequent 
mechanization of so many routine mathematical operations that previously required highly trained 
human algebra machines. 

Computers and algebra 

The most accurate one-senten';e summary of the goals for school algebra instruction would 
probably be something Uke this: 

Develop student skills in Ae solution of equations, finding numbers that meet specified 
conditions. 

The methods available for such tasks are of two basic types, numerical and formal- symbolic. 
Nun^erical methods generally involve some form uf sophisticated trial-and -error search planned to 
locate roots by successively finer approximations. Symbolic methods, however, involve 
transformations of the form of the equation to progressively simpler conditions, one of which 
makes the solution obvious and exact The current and projected capabilities of computers will 
contribute powerful new tools for both approaches and thus raise important questions about the 
focus of school curricula. 
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Numerical methods in algebra. Conventional polynoimal algebra offers se\ eral lines of attack 
on an equation like - 5x + 3 = 0. When attempts by factoring are stymied, one can complete the 
square or shortcut that process with the quadratic formula. Without computational assistance, 
estimating the roots (« 4.3 and « OJ) by'trial and error would be tedious, if not completely 
discouraging. However, tiie method of successive approximation becomes much more attractive 
wilH a brief BASIC program: 

10 iNPUrA,B,C 
20 F0RX = ATOBSTEPC 
30 PRINTX,(X-5)\X + 3 
40 NEXT'X 

A rough search RUN yields 



-5, 5, 1 




-5 


53 


-4 


39 


-3 


27 


-2 


17 


-1 


9 


0 


3 


1 


-1 


2 


-3 


3 


-3 


4 


-1 


5 


3 



guaranteeing zeros in the intervals (0, 1) and (4, 5). As a bonus we have good ideas about the 
minimum point of the polynomial and solutions of the inequalities x^ - 5x + 3 9^ 0. A refined search 
in (0, 1) r^uires a brief command to the active program. 

RUN 



0, 1, .2 




0 


3 


.2 


2.04 


.4 


1.J.6 


6 


.36 


.8 


-.36 


1 


-1 



and similar refinement locates this root more precisely. 

The computer-bassd numerical approach to the solution of equations focuses on the polynomial 
x^ - 5x + 3 as a function with many (input, output) pairs. This suggests looking at a graph of the 
function, a task for which most computers are now well suited Che of the many graphic packages 
available will ask the user to enter tiie function rule and set die scales on the x-y axes. Then a 
high-resolution graph is quickly produced (fig. This graph (provided suitable scales have 
be«n chosen) yields good estimates for the zeros of the function and, as a bonus again, the 
approximate minimum point and regions of positive and negative value. 
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The numerical methods described above are not mathematically elegant, but they have severe, 
impressive virtues. First, the "guess and test" strategy seems incredibly easy to remember - it is so 
natural Long after students have forgotten the quadratic formula or developed bugs in their 
factoring skiUs, they .will likely know enough to try successive approximation. Second, the method 
of successive approximations applies without a major change to the solution of nearly every type of 
equation, bom mgher-dcgree polynomials to rational, exponential, or trigonometric conditions. 
Third, the numerical approaches stress the functional point of view that is at the heart of most later 
applications of algebia ~ in calculus, for instance. 

There are, of course, more sophisticated numericaJ methods for solving algebraic equations. 
One of these methods has already been built into a scientific calculator (Kahan 1980). Aftex 
entering the equation of interest and one or two first guesses at solutions, the press of a single 
"SOLVE" button sets the solution algorithm in motion. In essence, this calculator exploits a 
comnwnly used computer program tiiat has been built into the machine ~ saving each user the need 
to design and enter the program when needed. 

The concept of stored scientific computational subroutines has been widely accepted and used 
on lai^e machines for con5)lex tasks like statistical analysis. The emergence of personal computers 
has stimulated the development of many more application program packages that will reduce the 
user's tasks to program selection and data entry. For instance, the popular electronic spreadsheets, 
pioneered by VISICALC, allow the user to enter a collection of related formulas, to vaiy the value 
of parameter, and to see immediately the effects of those changes on all the dependent quantities. A 
typical work session might proceed as follows: 



Define relations. 



C 



I. 
2. 
3. 
4. 
5. 
6. 



REVENUE 
PROFIT 



PRICE 
SALES 
COST 



-^tOO*Bl + 1400 
.2*B2 + 200 
Bl *B2 
B4-B3 



n. 



Set prif«, with other terms calculated automatically. 

A B 



L 
2. 
3. 
4. 
5. 



PRICE 1.5 

SALES 800 

COST 360 

REVENUE 1200 

PROFIT 840 





ERIC 



in. Change price in El; other terms change automatically. 

IV. Project a s^uence of price figures and see the matrix of 

corresponding prujections displayed. 

Although these spreadsheets seem specially appropriate for the application of related formulas in a 
business situation, another impressive package, TKlSolver, does equation solving very much like 
that of ora^.dry algebra. A typical session with TKISolver might proceed as follows: 

L Enter equations on the "rule sheet" 



Rule Sheet 

Rule 
x = 2-y 
y*z=12 
z+ w2 = 30 

The program identifies variables and lists them on 2" 
accompanying varis^le sheet 



Variable Sheet 
Input Name Output Unit 

X 

y 

z 

w 

n. When a value of one (or more) variables is specified, the program does whatever 

equation solving is needed to identify (where possible) the v^ues of other 
variables. 

Variable Sheet 

Input Name Output Unit 

X -.4 
y 2.4 
z 5 
5 w 

As the headings suggest, when the variables have measurement units (dollars, 
kilogranis, meters per second, etc.) and conversions between underlying 
quantities have been entered (e.g., miles to kilometers: multiply by 1.6), 
TKISolver will make unit conversions autoniatically. 

The solutions produce^ by TKISolver employ techniques of ordinary algebra except, where 
necessary, numerical methods arc also exploited. 

In addition to the impressive equation- solving tools described already, computer languages and 
widely available utiility programs facilitate computational aspects of algebra for systems of 
equations, linear programs, niatrix arithmetic, and a variety of other important techniques in linear 
algebra. For instance, to solve a system of equations like 

x+ y+ z = 7 
2x + 3y + z= 18 
3x 4- 4y + 22 = 25, 

one would ordinarily need to recognize the problem type, call an appropriate program, and ihen 
enter the variables and coefficients to produce the solution: 

t *w 
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y = 4 + z 
z = (ARB), 



Thus, if the goal of algebra is the solution of equations and inequalities, available and easily 
projected computing hardware and software offer powerful new kinds of assistance. Reviewing 
TK! Solver, Gregg Williams (1982, 360) claimed thai the new tool "does for equation -solving what 
the pocket calculator does for aiithmetic - replaces drudgery and the possibility for error with speed 
and accuracy." 



Computer symbol manipulation. Despite the doniinance of equation solving in school algebra, 
there is another very important side of the subject the* depends on formal manipulation of algebraic 
expressions. For instance, the t ^_ '"^n of coordir-ates for a straight line in the plane is commonly 
given in at least half a dozen equivalent forais. But each form is particularly suited to giving certain 
insights into the relation expre.^.3cd by the graph. For instance: 

• The slope-intercept form y = mx + b quickly reveals the rate of increase in y. When x 

represents sales and y production costs, m and b give marginal and fixed costs, 
respectively. 

• The point-slope formula y = yi ^ mfx - xi) is particularly illuminating in calculus for 
giving local linear approximations to a curve. 

Thus, a student's algebraic skills should include not only numerical methods for ''finding x," but 
also metiiods for transforming expressions into more convenient and revealing forms. 

Software programs called computer-symbolic mathematics have been available on mainframe 
computers since 1953. The appearance of muMatii, an interactive computer algebra package for 
microcomputers, has made the tools available to a broad audience of potential users. The muMath 
subprograms turn host micros into symbolic calculators with the following capabilities (amo..g 
others): 

• Exact arithmetic operations on integer, rational, algebraic, and complex numerals, with 
integer numerals up to 611 digits: 

? 1/6 + 4/9 
@ 11/18 

(In the following example the notation #1 is used for the square root of -1) 
?(3+2*#D*(6-#I); 
©20 + 9*#I 

• Arithmetic functions like ABS, GCD. LCM, and ! are standard: 

? GCD (24,60); 
@ 12 



? 12!; 

@ 479001600 
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• Algsbraic transformations of exp. jssions Invoving 
variables and operations (+, ~, *, /, /\ ); 

? SOLVE (M^X - X == 5, X); 
@[X == 5/((-1 +M)] 

? SOLVE ((X - 2)/(X + 4) + (X - 1)/(X - 2) == 15/7,X); 
@ [X == 3, 
X == -40] 

? EXPD ((X = 2) * (X - 3)); 
@ -6 - X + X Ak2 

? (18 * (A/N 3)) /N (1/2); 
@ 3»A»(2*A) /\ (1/2) 

? SOLVE (X 2 - 5»X + 3 == 0,X); 
@[,X==5/2+ 13 /N(l/2)/2, 
X==5/2-13 As (|/2)/2] 



• Operations on matrices with numberic and nonnumeric 
elements; for Instance, If A = fl 0 1 



• Logarithmic simplification and trigonometric 
transformations: 

? LN (*E/^ X 2); 
@ X /\ 2 

? TAN (A) * COS(A) + l/CSC(A); 
@ 2*SIN(A) 

• aosed-form sums and products: 
? SIGMA (3 K,K,1,N); 
@3*N*(N+l)/2 

(The muMath/muSimp-80 Symbolic >iathematics System Reference Manual for the Apple n 
Computer [1981]. See also Steen [1981]; Wilf [1982]; Pavelle, Rothstein, and Fitch [1981].) The 
important and impressive fact about all these symbolic xmputational capabilities is that the machine 
executes algorithmic procedures very similar to those that an expert algebraist would follow. The 
program has incorporated the manipulative routines of a very substantial course in algebra. 

In 1970 Cari Engeiman (1970, 103) envisioned "a mechanical assistant possessing an 
encyclopedic knowledge of mathematical formulae and results, capable of rapid and flawl;.^ 
computation, familiar with a broad spectrum of computational algorithms." In muMath, that 
assistant is very near. The creators of the muMath package made some daring predictions of 
consequences (piuMatfiJMuSimp-80 Reference Manual 1981, 11-1): 




muMath calculates A /s -i as 




.44 
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Some educators will undoubtedly feel that computer algebra will cause algebraic .kills to 
atrophy or prevent them fix)m developing in the first place. Similar concerns were 
undoubtedly expressed about Arabic numerals, multiplication tables, logarithms, Laplace 
transforms and pocket numerical calculators; but we have survived their convenience. The 
National Council of Teachers of Mathematics strongly supports the use of numerical pocket 
calculators in classrooms, and every reason for this support is even more true of computer 
algebra. 

At this point in our experience with coiiiputers, the impact from classroom use of symbolic 
computation is uncharted territory. But the opportunities are impressive and the questions for 
research arc of critical importance. 

New directions for secondary school algebra 

The computer capabilities described above arc already widely available. As various 
matliematics educators have ujed and thought about these draiaiatic changes in the technology for 
assisting mathematical work, they have imagined a broad range of potential changes in the school 
algebra curriculum. Some see the opportunity to extend the content of cunent curricula, whereas 
others see the opportunity to teach traditional topics far more effectively. 

In the late 1960s, the Colorado Schools Computing Science Group pixxiuced a prototype 
Second Course in Algebra and Trigonometry with Computer Programming, The goal of this 
innovative text was to gain experience needed to answer these questions: (1) Can the computer be 
used to impiv)ve the high school student's understanding of mathematics? and (2) How will the 
enoergcncc of the computer affect the high school mathematics curriculum? The experimental text 
made several interesting deletions of content, including some factorization methods and 
simplification techniques. In retrospect, the teaching of a programming language was 
overemphasized at the expense of mathcLiatical content, and ±e computer involvement was forced 
in places. Though this project was an important first step, it had litde impact on the curriculum and 
it could not foresee and tate account of the incredible advances in technology and software fox 
mathematics. 

Until very recently, the Colorado effort stood as the only major attempt to rethink the algebra 
curriculum in light of computing technology. lach possible approach to the assimilation or 
accommodation of the computer in school algtbra has risks together with promise. Since there ib 
litde experimental work on which one can base judgments about the impact of major or even minoi 
changes in curriculum, one is left with the task of identifying the options and the 
research-and-developn^nt questions raised by each option. 

A New role for manipulative skills. When hand calculators became nearly universall> av arable 
as aids to arithmetic computation, many mathematics teachers saw an opportunity to greatly 
diminish the attention given to training elementary school students in mechanical performance of 
conq)lex algorithms for arithmetic. Computers seem to offer the same promise in algebra, 
diminishing the importance of developing student skill in algebraic manipulations. 

What arc the prime candidates for such reduced time on the high school algebra agenda? WTien 
this challenge is posed to mathematics educators, therc is an immediate question: For which 
students arc the nev/ curricula intended - what age, ability, and intercst groups? It seems clear that 
the most able and intercsted high school students should continue to acquire most of the traditional 
skills and unders*^dings of algebra. But considering the remaining students, it is not hard to reach 
an agreement on the following guidelines for change, using the usefulness of each concept or skill 
as a decision criterion: 

1. Student ability to manipulate algebraic expressions into alternative, equivalent forms need^ 
to cover only the simpler cases of useful operations those that arc done more efficientiy by hand 
than by machine, and those that arc needed to give students an adequate understanding of the 
computer-generated rcsults. For instance: 



ERLC 
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a) Properties of exponents like . x*" = x"*™ should be taught. 
Simple ^plications like 

35 . 310 s ? 

or (a-2)2(a + 2)5 = ? 

seem ^propriately done by hand, but there seems little need for student skill at 
simplifications like 

40x^y^^ xy^z-5 

b) Simplification of radicals like V20x^^ and the procedures for rationalizing denominators 
seem of little inoportance. 

c) Factoring of quadratic trinomials like x^ + 5x + (5 and certainly more complex variations, 
seems unimportant; factoring using a siiigle application of the distributive property , as in 
ab +ac = a(b + c), seems valuable for students to learn. 

d) Q)mbinations and simplification of rational expressions beyond the simplest case? 
of little importance. For instance, 

a c ad + be 

_ + _ = 

b d bd 

should be known by most students, but skill with expressions like 
2x+2 x + 4 x+2 

- + 

x + 1 x + 3 x + 3 

seems of far less importance. As a general rule, it seems reasonable that students should 
be able to perform, by hand, one-stf ^ applications of the basic properties go\ernmg 
algebraic expressions. 

2. Likewise, it seems reasonable that students should leam equation- solving procedures that 
cover those cases mos^ efficiently done by hanc" .or those that provide a minimum understanding for 
the a'e of computer results. For instance: 

a) Linear equations and inequalities in one variable should be r^tadily solved by all students. 
Some procedure for solving quadratics (probiibly the quadratic formula) would open the 
access to a rich supply of important applications. There seems to be little need for 
students to leam all the traditional methods for solving polynomial equations or any but 
the simplest examples of rational and algebraic equations. 

b) The notion of a system of equations and some basic tools for solving systems remain 
important, but technique^ for dealing with complex cases seem of little importance. 

The reasoning used in formulating such proposals for a change in algebra curricula is 
deceptively simple and plausible. Who could dispute tlie principle that stude: hould l^am that 
which they can do more efficientiy than machines and that which will ensure tl*w intelligent use of 
conq)uters as algebra aids? The general strategy of reducing technical complexity in the lasks set for 
students seems to be a logical consequence. Unfortunately, the implementation of this strategy sdrs 
up a cloud of doubts and'unanswered questions. 

The major issue is to decide how much skill is enough. The complexity of structurally similar 
algebraic tasks can be measured on i continuum of difficulty. For instance, each of the following 
expressions can be factored by the sr lae general procedure, but the problems Jemar. ,ery ciffercni 
levels of skill: 

x2 + 5x + 6 = (x + 3) (x + 2) 
9x2 + 12x + 4 = (3x + 2) Gx + 2) 
a^x^ + 2V5a3b2x + 5b^ = (a^x + VSb^) (a^x + VSb^) 

* r 
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Pessimists might argue that students are currently achieving only the simplest levels of bkal) - - 
implying that no change would result from the proposed reductions in curricular complexity. 
However, there is a more serious question raised by those who contend that students gain 
understanding and proficiency only by applying basic skills in more complex bettings. The ibbue 
has a parallel in debates about the role of multidigit multiplication or division problems in fixing 
basic arithmetic skdlls and the understanding of algorithms. Research offers no clear guidance on 
that long-standing question, much less on the analog in algebra. It is one of the ftindamcntal 
luestions raised by the mechanization of any procedure and merits carcftil study. 

The second family of questions raised by proposals to delete or diminish attention to ^elected 
topics in high school algebra concern the roles of algebra in other branches of mathemaacs. If 
algebra students do noi 'earn how to multiply binomials like (a + b)(c + d) in early work, will they 
be stymied when faced with the complex number product (a + bi)(c + di)? If students are not 
proficient in wo± with factoring polynomials or combining rational expressions, how will they deal 
with calculus tasks like 

lim x^ - 5x + 6 

x.>3 

x2-9 

or partial fi:action expansions? Many of the problems in analytic georretry and trigonometry also 
require student facility with algebraic forms and manipulations. The discrete matiiemancs used 
extensively in computer problem-solving methods also uses algebraic manipulation extensively. 
Each of these potential prerequisite problems must be analyzed carefully prior to a change m algebra 
a fundamental part of the mathematics curriculum network. It is not, however, defensible to look 
at the varied uses of algebra elsewhere in mathematics and dismiss possibilities for change. Those 
other areas will be changing too. The muMath programs caii veri^ trigonometric identities, 
calculate limits, and perform indefinite integration for which partial fraction methods are commonly 
used, 

A thiid challenge facing proposals to "simplify" the demands of school algebra is the general 
concern that the study of mathematics is weakened by simplification. Mathematics teachers often 
argue that algebra develops habits of piTci:.ion and accuracy in student reasoning and speciflcaaon 
of answers and that it encourages ability la abstract reasoning. The natural inference is that if 
computers do all the harder prot^ems, many important benefits of such work will be lost to 
students. Here again, there is little research evidence to support the contentions of "common 
wisdom" in mathematics tei^ching. One might argue that in learning to communicate with 
computers, algebra students will gain very powerful lessons about the need for the prcase 
expression of ideas and, further, that tiie comparison of results from numerical and symbolic 
computer solution methods offers a deep insight into the question of accuracy for answers. 

The questioning of "weakened standards" in algebra probably also expresses a more general 
concern for the intellectual demands of schoolirig. Such concern impUes that schools have uniform 
expectations of all students and, furthermore, that anytiiing hard is gcKxL As a counter to tins 
reasoning, one might ask why agriculture, business, and industry do not reject frequent 
introductions of new intelligent and powerful equipment, or why nearly everyone has readily 
accepted hand calculators for arithmetic? 

The preceding proposals of topics to be deleted or given reduc. . attention in high school 
algebra will certainly provoke vigorous dissent from all comers of the mathematical commi - cy. 
One factor m that dissent is a very reasonable concern that overreliance on the aid of computers wiii 
leave students shortchanged in the knowledge of algebraic methods and their uses for solving 
problems. However, debate over the inclusion or emphasis of specific topics is itself shortsighted 
in a way that has been typical of each area of human activity to which new technology has been 
applied The technology has first been used to execute conventional procedures more swiftly and 
accurately simulating tlie behavior of hun-in workers. Only later have people seen the potennai 
for exploitmg the special strengtiis of technology to accomplish tasks in entirely new ways. 

When mathematics teachers first look at computers as factors in the curriculum, tliey see 
potential for a tireless, patient drillmaster. When they first write programs to heln the solunon oi 
systeins of linear equations or linear programs, they expcci students to understand fully the 
algonthm miplemented in order to enter data, to choose pivots, and to inieipret the solunon mamx 
property. Watching a demonstration of the muMatii SOLVE instruction, they cnticize iis 'black 
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box" appearance, as\iiig instead for a routine that requires student choice of each step in the 
solution process (a mode which muMath does offer). This approach to technology use misses 
striking opportunities that appear when fundamental assumptions are challenged. The more radical 
changes :iUggested by such analysis fall into two broad categories new approaches to sequence 
and new content themes in the algebra curriculum. 

New sequences for algebra topics. Over the past decade, schools have devoted gi^at energy lo 
the specification of carcfuUy :/equenccd curricula in all subjects areas. The plans very often consist 
of detailed performance objectives carefully arranged in hierarchies of logical and psychological 
dependence outlining the optimal path for development of Ijiowledge in the mind of each student 
Few subjects seem better suited to this type of analysis than mathematics. Thus, despite evidence in 
every teacher's experience that students learn ^md forget incomplete pieces of the whole 
mathematical'fabric, secondary mathematics coursf. sequences and individual topics ane analyzed 
with care appropriate to a building that would collapse upon the removal of a single brick. 

The fiuidamental assumption behind design of curricular sequences in mathematicc - especially 
algebra - is the belief that complex ideas and skills must be acquired through a process starting wiih 
simple building blocks. For m.os^ teachers there is no question that technical skills must be 
mastered before applications and problem sob .an be tackled The capabilities of current and 
projected computing technology challenge tl*.. ,-amption and open ver; different possibilities for 
curriculum sequence in algebra. With the aid oi computers that perform algorithmic nrianipulation^, 
the conventional order and priority of topics could be inverted The algebra experience could begin 
with, and focus on, the processes of expressing and interpreting quantitative relations in symbolic 
(and graphic) foim, with far less attention paid to the techniques of symbol manipulation. 

Since the technology that makes such alternative curricula possible has appeared very recend>, 
there are no exisicnce proofs for the efficacy of radical new algebra sequences. What seems 
possible and worth a t^ is something iike the following approach, illustrated with a conventional 
topic, quadratic equations: 

Stage 1: Where do quadratic equations arise? 

• Scientific principles like projectile motion 

• Nonlinear revenue, profit, demand, or cost functions 

• Fitting rules to curvilinear data 

Stage 2: How does on'* solve an equation like ax^ + bx + c = 0? 

• Guess-and-test successive approximation 

• By hand to illustrate ideas of solution possibilities 

• By graph 

• By computer for refined search 

• Formal solution by computer 

• TKISolver 

• muMath 

Stage 3: Formal analysis of solutions to the quadratic. 

• Number and type of possible roots 

• Relations of coefficients and roots 

• Formal manipulations, including factoring and quadratic 

This inverted order of approach to algebra (a similar sequence could be used for other types of 
equations) offers several attractive advantages. It begins with problem situations for which algebra 
is useful, thus offering the best possible motivation. It allows students to get answers to the 
problem questions quickly, without extended side trips to leam technique. It allows the natural 
selection of those students with aptitude and interest in formal algebra, since those facets of ihe 
subject can now be reasonably delayed. No longer must all students struggle through years of 
preparation for a promise of applications in the future. Funher, students who proceed far into 
algebra should gain valuable new kinds of insight. Finally, it emphasizes a very powerful, yet 
simple, equation- solving strategy successive approximation. Whereas millions of students now 
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spend long hours mastering complex formal methods, only to forget them soon after the end of 
instruction, it is unlikely ^ will forget ''guess and test," which, with computing capabilities 
available, is very efficient It can even be argued that in working with comp iters the most 
important human contribution is to subject machine results to informal tests uf reasonablene^b. 

Implicit in forecast changes for the sequencing of algebra topics are important new content 
then^s. Courses that stress computing and applied problem solving would probably place 
increased stress on conceptual understanding - the ability to plan and interpret algebraic operatiun^ 
- with less attention paid to manipulative speed and accuracy. The new algebra course should 
probably give increased attention to a number of other important ideas. 

Proportional reasoning and functions. The most common applications of mathemaacs in 
practical and scientific problem solving usually iTpquire an understanding of ratio, proportion, and 
scaling in order to model situations embodying direct and inverse variation. The generalization of 
simple variation to the concept of function has long played a key unifying role in mathematics and 
its applications. For more than 60 years, curriculum advisory groups have recommended that an 
emphasis be placed on the idea of function. However, today's typical secondary school curricula 
pay little attention to functions until a senior precalculus course. Computers offer tools that make a 
function-oriented curriculum possible. 

Consider contrasting approaches to an appealing topic - the description of projectile motion. 
The conventional algebra course focuses on a single question type. Find x, satisfying given 
conditions. For instance, find x so that 

-16x2 + 64X + 80 = 0 

the dime when the projectile reaches ground level. The emphasis in algebra is on tht manipulaave 
techniques required to find x = 5. Approaching the same situation firom a functional point of . lew, 
one asks a much richer collection of interesting questions: 

If h(x) = - 1 6x2 + + 80 gives the height at rime x, 

♦ What is the height for x = 0 and other values of x? 

♦ What is the maximum value of h? 

♦ What is the rate of change in h when x = 1, 2, . . .? 

♦ When is h increasing? decreasing? 

These important questions have commonly been forestalled until late in student s mathemaacal 
experience because the techniques required to calculate answers have also required long, paaent 
instruction and practice. But computer software tools now widely available have changed these 
boundary conditions. As demonstrated earlier in this chapter, a short computer program wdl yield 
an extensive table of x, h(x) values. The inspection of such a table gives practically useful answers 
to many of the basic questions posed Computer graphic routines proviiie powerful visual insight 
into the same tibae/height r;'Corions. Further, with compute: help and curve-fitting ideas explained, 
it is possible to deal with m jch more complex (and accurate; models for phenomena li^e these. We 
need not limit considerations to low degree polynomials with uheir obviously uniealisdc 
assumptions like fall occurring in a vacuum*. Thus, finally, it seems fe..sible to implement cin 
algebra curriculuiui in which the central ideas are ftinctions and graphs. 

Integrated algebra, geometry, and analysis. Conventional mathematics courses provide 
students with learning tasks and application problems conveniently, yei artifi<.ially, soned mto 
carefully sequenced compartments and hierarchies. The special abilicy of computers to prod^.^e 
dynamic graphic displays of quantitative relations enriches Jie study and meaning of algebraic 
ideas. It also argues for coordinated consideration of topics from algebra, geometry, u J analy 
and an effective attack on realistic problems that involve questions from all thrpe topic areas 
simultaneously. One of the strongest barriers to integrating these subjects - the iieed to develop 
prerequisite technical n.achinery - vA]l be greatly diminished by technology. This effect can albo 
facilitate closer coordination of mathematics and science instruction. 
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Approximate computation. One of the marvelous benefits of access to calculators or computers 
is the effortless performance of tedious arithmetic. But intelligent use of this power requires 
awareness of risks. For instance, given measun^.^ents of a cylinder that arc accurate to one decimal 
place - radius = 3.2 cm and height = 6.7 cm - th calculator will suggest volume = 215.5383887 
cm^, with implied accuracy far beyond reason. Fui -ler, in a long string of arithmetic operations, 
truncation and round-off errors can be very serious. Students being prepared for life in a 
calculator/computer age must certainly develop critical awareness of issues in approximate 
computation as it is used in many computer procedures. 

Algorithm analysis. To enlist the aid of computers in solving algebra problems, one must 
invariably design or use an algorithm of some complexity. Understanding computers and their 
capabilities/applications in mathematical problems requires some understanding of algorithms, the 
conditions for their use, and the types of results that can be produced. At a higher level, there is 
reason to expect that student design or analysis of algorithms for specific algebraic processes will 
yield a deep insight into the structure of those processes. At yet another level, some students will 
profit fiom the comparison of algorithms that are designed for a common purpose. Questions of 
efficiency, ease of computer implementation, and provable correctness are important considerations 
in many situations. 

Matrices and line^ algebra. The information-processing capabilities of modem computers 
make large data bases and multivariate quantitative models feasible and increasingly common. 
Many of the mathematical ideas used in this work are part of linear algebra and matrix theory. At on 
elementary level, students can probably profit fiom introduction to linear programming, riiatricei>, 
and vectors. The importance of linear algebra throughout more advanced mathematics has grown 
immensely during the past several decades, offering opportunitie.* to extend and apply the basic 
ideas in many directions. 

Fimte methods. Despite its in^pressive ability to deal with comp) ^xii^^ by very rapid 
information processing, a digital computer is fundamentally a finite iLachine that operates on 
discrete bits of information in discrete steps. The design of the machines and their program 
software draws heavily on algebraic structural ideas from set theory. Boolean algebra, logic, 
groups, rings, fields and lattices. Many important algorithms are basically sequential processes, 
making mathematical induction a very important tool for verifying results. It seems likely that the 
introduction of these concepts should begin in secondary school algebra. 

None of the topics discussed above are entirely new themes for secondary school algebra. 
However, their emergence to center stage is a consequence of fundamental changes m the role of 
human intelligence in problem-solving activity. As procedural operations are increasingly 
mechanized, there remains an important ta^k of conceptualization and planning. Problems mu^t ^ull 
be identified and cast in mathematical form, the proper analyses must be structured and the results of 
computer-assisted calculations must be properly tested and mterpreted. To perform this 
fundamental role, individuals must have a sound understanding of the scope and structuie of 
avaihble mathematical methods. '^Tiile this understanding has always been important, it seem^ fdn 
to saj' that high school algebra instructio.i has been so preoccupied with trainmg students in 
procedural slalls that there was precious little time available for the broader conceptual goals. 
Although some algebra teachers might see muMath or TKISolver as threats to their livelihood, the 
effect of building a course to account for such technological aids is, instead, a revelation of the ver> 
important instructional goals that have been neglected in the past. There remains a ^reat deal of 
algebra to be taught, but it is algebra of a different character than that of most high school courses. 

A research-and-deve!opment agenda for high school algebra 

In thinking about the implicatfons of co^nputing for high school algebra curricula, the easiest 
part of the task is assessmg die technological possibilities and prospects. It seems clear that in the 
very near future, the numerical and symbolic manipulative j^iocedures of elementary algebra will be 
available in easy-to-use software on machmes of nearly hand-held convenience. The imaginable 
curricular responses to this changing environment for calculation m algebra range from a modest 
de emphasis of traditional skiH development to a major re^vTucturing of the entire secondary 
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mathematics curriculum. Algebra courses could remain substantially as they are, with some of the 
more complex computations left to uumputers; or algebraic cuucepts could be woven together with 
geometry, calculus, and applications to science in a program where the emphasis is placed on the 
modelmg of situations and interpretation of the calculations accomplished almost entirely b> 
computer. 

In the short run, decisions about possible curricular alternatives will be based on the intuitive 
judgements of experienced teachers and mathematicians. Cha.ige will probably be very modest. 
However an intelligent assessment of the opportunities availal)le from nore radical altemaaves will 
require the following analysis, research, and curriculum development studies: 

1. Analysis of the algebraic skills and understanding used in applidzticr^ to assess the possible 
effects of curricula that do less skill development or prepare ^^uiems with skills atalatt * an usual 
time. The analysis presented in this chapter has stressed the atiipaut of computers that s^.^w 
equations or graph functions. However, there are counties*- *4aces where a facility with algebraic 
manipulation might be a critical prerequisite to theoretical understanding. For instance, 
combinatorial problems involving 



r.. Basic research to test the hypothesis that skills must be acquired before conceptual 
understanding or problem solving can proceed Similar basic studies should be done on the 
learning of fundamental algebraic concepts like variable, functions, and proportion. 

Computer graphics and symbol nanipulation utilities must be studied to determine the ways 
that students car. learn to manipulate those tools intelligently. For instance, a function- graphing 
program is hdpful only if the users can effec^ ely scale their problem for entry into the macliine or 
can correctly interpret the distortive effects of an automatic scaling program. Although muMath 
offers a powerful aid in the manipulation of algebraic expressions, we need studies that will 
determine effective ways to make students aware cf the meaning and usefulness of equivalent 
mathematical forms for expressions. 

The discussions of this chapter have assumed that students can deal comfortably v/ith 
variables. There is striking evidence from recent research (Lochhead 1983) suggesting that this 
conceptual understan ling comes very slowly. ConAOuter experience might helo this development, 
but careful analysis and research are required in this critical area. 

3. Development and field testing of model curriculu embodying the following themes. 

a) Carefiil treatment of concepts and problem solving with variables, equations, and 
inequalities prior to skill training - using computers to produce "answers" to 
technical questions 

b) xntelligent use of successive approximation by graph or tables of function values to 
find nx>ts of equations (There is evidence that students, if not carefully taught, can 
begin using the approximation methods as mechanically as symbol manipulation 
methods like factoring.) 

c) Functions and graphs as the central ideas of algebra 

d) Integration of ideas from algebra, geometry, and calculus in a way that makes them 
accessible to younger than normal students 

e) Attention to matrix ideas 

0 Algorithmic approaches to basic algebra topics 
g) Creative approaches to algebraic structure 




arc frequently aided in crucial ways by the algebraic rearrangement of 



n! 



(n - k)! k! 
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In each of these seven individual explorations of possibilities, there jhould be an attempt to show 
the best contribution of computing imaginable, not limited by immediate practical concerns of 
getting the technology into schools on an everyday basis. 



• 
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THE IMPACT OF COMPUTING TECHNOLOGY 

ON SCHOOL MATHEMATICS 
REPORT OF A MARCH 1984 NCTM CONFERENCE 

(Reprinted with permission from the National Council of Teachers of Mathematics. 1906 
Association Drive, Reston, VA 2209 L) 



One of the critical problems facing mathematics education today is the need for curricula and 
instructional methods to respond to the influence that computing technology is having on 
mathematics and its teaching. Numerous conferences, reports, and projects have focused on 
different aspects of the effect of emerging technology on mathematics curricula and instruction. For 
example, the Conference Board of the Mathematical Sciences produced a set of guidelines that 
identified fundamental topics in K-12 mathematics (CBMS 1983), and an NSF-sponsored 
conference at the University of Maryland resulted in a document that provided insight into the effect 
of the computer on subjects in the traditional secondary mathematics curriculum (Fey 1984). 

NCTM has made many efforts to provide leadership as decisions about the impact of 
computing technology on mathematics education are made. In 1981 its Board of Directors 
established the Technolog>' Advisory Committee, which has subsequenUy engaged in several 
pmjects and activities that serve memb^.rs in the area of technology and which advises the Board on 
matters relating to technology and mathematics education. NCTM sponsors d continuing series of 
seminars for K-12 mathematics teachers on the uses of computers in mathematics instruction and 
has for a long time devoted program slots at regional and national meetings to issues associated with 
the impact of technology on mathematics education. The publications of NCTM, including the 
journals and the 1984 Yearbook, reflect the continuing concern of the organization with this issue. 

In an effort to continue its leadership role, NCTM and the Center for Mathematics Education of 
the University of Maryland, with financial support provided by the National Science Foundation, 
sponsored a conference at NCTM headquarters during March 1984 to consider "The Impact of 
Computing on School Mathematics." Participants represented a number of interested 
constituencies: govemment funding agencies, commercial publishers of mathematics materials, the 
standardized testing industry, mathematics teacher educators, mathematicians, computer scientisi^^, 
elementary, middle, and secondary mathematics teachers, and district-and state-level mathematics 
supervisors. Participants were asked to respond to a series of questions related to the impact of 
computing technology on the mathematics curriculum, niathematics instruction, and mathematicii 
teacher education, and to formulated general reccinmendations in each of these areas. The 
conference produced the recommendations herein - each galling broad, if not unanimous, support. 

RECOMMENDATIONS ON CURRICULUM, INSTRUCnON, AND TEACHER EDUCATION 
Prologue 

Applications of calculators, computers, and other electronic information technology are 
reshaping the ftindamental methods of doing and teaching mathematics. When used as tools for 
aritiimetic and for the analysis of graphic or symbolic data, calculators and computers offer 
powerful new approaches to famiSar problems and access to entirely new branches of matliematiob. 
Applications of these same capabilities to instruction are bringing major changes to mathematics 
classrooms and the roles of mathematics teachers. 

The major influence of technology on mathematics education is its potential to shift tlie focus of 
instniction from an emphasis on manipulative skills to an emphasis on developing concepts, 
relationships, structures, and problem-solving skills. Traditional precoUege mathematics curricula 
have stressed the development of a variety of mechanical procedures, including the computational 
algorithms of arithmetic and the transformation of symbolic expressions in algebra, trigonometry, 
and analysis. The use of calculators and computers as standard tools in quantitative 
problem-solving situations, however, has diminished the value of human proficiency in the 
execution of such procedures. Much of the instructional time currendy devoted to acquiring 
proficiency with paper^and-pencil algorithms should be reallocated to support a range of new or 
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previously neglected topics that have a valid place in the K- 12 mathematics curriculum. Moreover, 
teacher education programs must be modified to reject these changes in school mathematics content 
and to model the delivery of instruction through appropriate applications of technology. 

The proposals that follow are intended as guidelines for selecting the content of precoUege 
mathematics curricula^ for teaching that content in a manner that takes advantage of emerging 
technology, and for designing teacher education programs that recognize the changing curricula: 
patterns and instractional roles for teachers. The proposals are based on five funckmental 
assumptions: 

1 . Coordinated change can take place simultaneously at all levels of mathematics 
instruction. 

2. All students and teachers will have access to calculators and computers for the study of 
mathematics, in the classnx)m and at home. 

3. All students will experience appropriate application of computers in the study of each 
school discipline. 

4. State^roWncial, district, and local mathematics curriculum guidelines and criteria for 
mathemaucs textbook adoption will be rewritten to reflect the changing priorities of 
school mathematics. 

5. The publishers of standardized texts and instructioiial materials will 

(a) immediately begin developing products that are consistent with the changing 
objectives of precoUege mathematics; 

(b) continue support for tiiat development on a schedule that facilitates the 
implem^intation of proposed curricular changes. 

TECHNOLOGY AND THE MATHEMATICS CUFJUCULUM 

Today, the computational skU : of arithmetic, algebra, geometry, trigonometry, and calculus 
dominate the K- 12 mathematics curriculum. The content and sequences of courses are planned 
carefully so that students acquire intricate hierarchies of prerequisite skills for each major 
computational algorithm. Although these well-known mathematical procedures originated as 
essential aids to efficient problem solving, most of the algorithms of school mathematics have now 
been prograinmed for rapid execution by calculators and computers. 

To do arithmetic today, mental operations ate best for obtaining quick approximations; 
calculators are the tools of choice for one-time computations; and computers are most appropriate 
for repetitive calculations. In algebra, trigonon^try, and calculus, computers can execute the 
numerical and symbolic manipulative procedures tiiat students spend coundess hours mastering. 

As a consequence of this changing environment for mathematical work, the curriculum in 
grades K- 12 needs carcfiil reassessment and revision. Classroom teachers, mathematics 
supervisors, members of state departments/provincial ministries of education, authors and 
pubiii'hers of textbooks, developers of standardized tests, and other curriculum developers mubt 
consider the following recommendations and the questions they raise. 

Elementary School Level 

The elen^ntary school mathematics curriculum has traditionally focused on developing 
students* skills in computing with whole numbers, fractions, decimals, and percents. Since 
computers and calculators can perform such operations more quickly and accurately than can 
usually be done otherwise, the traditional goals of elementary school mathematici must be 
reexamined and the predominance of computation-related objectives must be reassessed 
Qixriculum developers are urged to consider the following recommendations that suggest a 
broadened view of mathematics appropriate for grades K-4. 

r ^ 
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• Calculators should routinely be available to students in all activities associated with 
mathematics learning, including testing. Students should be taught to distinguish 
situations in which calculators are appropriate aids to computation ftom situations in 
which mental operations or paper-and-pencil computations are more appropriate. 

• Emphasis should continue to be placed on students* knowledge of basic facts required 
for proficient mental arithmetic and estimation. However, significant portions 
elementary cumcula devoted to algorithms for multiplenligit calculations can be 
eliminated 

• Instruction must shift to emphasize the meaning of arithmetic operations. Such 
understanding is essential for problem solving. 

• Experience with physical manipulatives and other concrete representations of concepts 
must continue to be an important phase of learning mathematical ideas. Because of the 
increased instructional emphasis on meaning and understanding, this activity must not 
be overlooked as the curriculum evolves to take advantage of computers an '.calculators 
for instruction. 

• Because computers and calculators can be used effectively in teaching mathematical 
concepts, no a priori assumptions should be made about the appropriateness of any 
given math.ematical topic for elementary students. For instance, decimals, negative 
numbers, and scientific notation appear naturally when using calculators and can be 
taught as they arise. Computers facilitate an early intixxluction to geometric concepts 
such as transformations, congruence, and vectors; statistical concepts such as 
randomness; and algebraic concepts such as variable and function. 

• Preprogramming activititts and simple computer prograrximing in Logo or BASIC can 
be done by students as eai-ly as the kindergarten level to convey both maaiematical and 
computer concepts. Computer literacy should come as a natural by-product of such 
experiences rather than as a special addition to the elementary school curriculum. 

Middle School Level 

The mathematics curriculum for the middle school (grades 5-8) must take into account 
incoming students* knowledge of new topics such as computing, their understanding of topics 
formerly reserved for the middle grades, and their more limited skills in topics such as arithmetic 
algorithms. In addition to building on the changes proposed for the elementary gi^es, 
curriculum developers for the middle grades should consider the following specific 
recommendations . 

• Mathematics in the niiddle grades should emphasize the development of "number 

se e** the intuitive feeling for the relative sizes of numbers that is essential in skillful 
eiamation, approximation, mental ar Jimetic, and the interpretation of results for 
reasonableness. 

• Some portion of instructional time should be given to the study of discrete mathematics, 
including counting, gjaph theory, probability, and logic, which is important and 
appropriate for the niiddle grades. 

• Calculators and computers can be used to teach iterative procedui^s for solving 
significant problems before traditional formal methods are presented. Such experiences 
should be part of the middle school mathematics curriculum. 
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An introduction to statistics should include extensive gathering, organization, and 
presentation of data. Important concepts can be developed in the context of real data 
sets whose manipulation and exaniination is aided by computer analysis and graphing 
sofhvare. 

Middle school mathematics programs should take advantage of die visual display 
capabilities of computer graphics that support and underscore the importance of 
informal geometry objectives. Transformations, mensuration formulas, and spatial 
visualization can be vividly illustrated by using computer graphics. 

Increased emphasis should be placed on such nontraditional methods of problem 
solving as organized lists, guess and check, geometrical sketches, and Successive 
approximations, all of which are made feasible by calculators and computers. 

Computer programming experiences that introduce the concepts of variable and 
function should be provided These experiences should help prepare students for the 
study of algebra. 

By the end of grade 6, students should be able to write simple computer programs that 
iequire looping and branching concepts. The emphasis in such programming activities 
should be on problems that convey significant mathematical ideas. 



Senior High School Level 

Developers of senior high school mathematics curricula must consider both t>e changing 
preparation of their entering students and the changing college and work environ .nents their 
giaduates wiH enter. The following recommendations arc suggested as guidelim.s for the 
curricular evolution that must occur if high school mathematics programs arc to reflect 
appropriately the influence of technology on mathematics and its teaching. 

• The selection and sequencing of high school mathematics for college- bound students 
should no longer be governed solely by prepanitioi: foi calculus. The most important 
mathematics for many students will consist of topics from discrete mathematics and 
statistics. High school programs must reflect th^se goals in tiieir content and priorities. 

• Computing is changing calculus and its traditional prerequisite subjects. Computer 
symbolic systems, g^phics, and numerical analysis software make student mastery of 
manipulative procedures less important and, at the same time, offer dynamic tools for 
the illustration of fundan^ntal concepts and processes. Such changes should be 
considered as the influence of calculus on high school mathematics is assessed. 

• The content priorities and approaches to topics in high school geometry should be 
reconsidered in light of computer graphics and their applications. The georv?etry of 
three-dimensional space, trigonometry, vectors, coordiiiates, and transformations are 
all made more accessible mth computer assistance through visual displays and complex 
calculations. 

• The skill objectives of algebra must be reassessed to identify tti^st procedures more 
easily done by computer (e.g., combination of expressions or solution of equations) or 
calculator (e.g., values of trigonometric functions, logarithms, or exponentials). The 
properties of elementary functions are still important for quantitative relationships, but 
proficiency in many familiar computational processes is of littie value. 
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• In many topics of high school mathematics, computers and calculators can be used to 
discover and test principles and methods. For example, concepts and theorems can be 
illustrated numerically and graphic^Jlly to develop sound understanding before formal 
proof is attempted 

• For high school students v/ith limited ability or interest in mathematics, technology 
ofifcrs an opportimity to enrich curricula with realistic problem-solving situations 
witliout insisting on a mastery of skill prerequisites. For example, these students can 
concentrate on tiie skills needed to collect, organize, and interpret mathematical 
information, skills appropriate for estimation and approximation, ;;;roblem .olving 
stiategios, data analysis methods, and reasoned evaluation of results. 



TECHNOLOGY AND MATHEMATICS INSTRUCTION 

The impressive capabilities of emerging technologies promise major changes in the 
organization of mathematics instruction and in the roles of students and teachers. Computers 
offer a dynamic electronic chalkboard foi the demonstration of mathematical ideas. As laboratory 
tools, they assist in the exploration and discovery of concepts, the practice of skills, applied 
pn^blcm solving, and instruction by simulation. Computer-based evaluation and information 
management provide further opportunities for ^-hange in traditional teaching/learning patterns. 

Although there may be risks associated with changing instructional patterns and teachers* and 
students' roles, the potential for improved instruction in mathematics makes the search for way 5 
to reduce those risfa worthwhile. If teachers and students are to exploit the potential of 
technology to support instruction, ±cy must become adept at the new roles described in the 
reGonunendations below. 
J,,tOnc of the most immediaie consequences of the integration of technology into mathematics 
iris^ictipn is the increased need for teachers to make informed decisions about questions that 
rcfate to certain aspects of the mathematics curriculum. The following recommendations focus on 
these issues. 

• Teachers must be able to make informed curricular decisions about the appropriate place 
and strategy for using technology to enhance instruction. 

• Teachcn must leam how dynamic visual displays made possible by computers cai* aid 
transition from concrete experience to abstract mathematical ideas. 

• Teachers must become adept at interpreting and elaborating computer- ba^ed evaluation 
of student learning and in using information management systems that organize 
cuixiculum options and assessment data. 

New roles for classroom teachers and students arc also made possible by technological 
enhancements of mathematics instruction. Among these roles arc the follov^in?,: 

• Teach rs must become effective catalysts for student-directed learning. They must be 
able to pose stimulating problems and to probe student understanding with questions 
that begin "What would happen if. . 

• Teachcn must serve as learning models in attacking mathematical questions. They 
must be comfortable assisting students in learning situations in which the topic being 
studied or the resource employed is unfamiliar. Teachers must be prepared to say, *T 
don't know yet," while they join students in exploration. 

• Teachers must become facilitators of cooperative learning as students engage in realistic 
learning projects that computers make attractive. Teachers and students must emuhte 
real problem solvers as they deal with problems of complexity, accur icy, and p'^cision 
that occur in the collection and analysis of real data. 
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• For students, the greatest promise and challenge of technology In mathematics learning 
is the move toward more self-directed and self-monitored learning. Students must 
become adept at using computer-based instructional materials, mathematical tool 
software, and personal programming skills to develop and practice the use of 
mathematical concepts, principles, and problem-solving processes. 

• Student-directed learning suggests that students may become dispersed throughout the 
learning environment. Teachers must know how to maintain effective com*^ inication 
with and among learners and must recognize that individualized technology -enhanced 
learning is not synonymous with independent study. 

The fundamental theme that underlies recommended changes in patt .-ns of mathempiics 
instruction and in the roles of teachers and students is the emergence of a new relatiouship among 
teachers, sturi nts, and the subject matter. The presence of computers and calculators in 
deinonstration, practice, problem solving, and evaluation creates a new classroom d>Tiamic in 
which teachers and students arc natural parmers in the search for an understanding of 
mathematical ideas and a solution of mathematical problems. 



TECHNOLOGY A^^D M.\THEMATICS TEACHER EDUCATION 



The recommendations in the previous sections of this report suggest a new look to 
mathematics classrooms, with concepts and problem solving the focus of curricula and teachers 
joining ttieir students as active partners in learning. If these changes are to occir, classroom 
teachers must be the primaiy agents of change. Consequentiy, prcservice and in-service 
mathematics teacher education programs must be restructured to prepare teachers for their new 
roles. 

Computer education for teachers of mathematics requires understanding and skill m three 
areas: (1) the uses of computers and calculators as problem- solving tools in mathemaacs, (1) the 
uses of computers for the presentation, evaluation, and management of instruction, and (3) the 
concepts of compute: literacy that contribute to, or depend on, tlie knowledge of mathematics. 
The breadth and depth of appropriate computer education will vary with the teacher's grade level 
and subject specialization. The following recommendations provide guidelines to the content and 
form of preservice and in-sen^ice experiences suitable for elementary, middle, and senior high 
school mathematics teachers. 

Mathematics content and methods courses in teacher education pro;^rams must be examined 
and rcstnictured to give more attention to priority content areas and to make calculator and 
computer use an integral part of all such courses. In particular, the following recommendations 
apply: 

• Students preparing to teach at the elementary level must complete the mathematics 
requirements outlined in the Guidelines for the Preparation of Teachers of Mathematics 
(NCTM 1981), with special emphasis on estimation, approximation, mental arithmetic, 
data organization and analysis, informal geometry (using a variety of approaches to the 
subject that reflect its visual nature such as transformations, vecto^N, and coordinates), 
probability concepts, and measurement concepts. 

• Computer literacy and programming concepts needed by elementar> teachers should be 
acquired through experience in the mathematics content and methods courses. 
Consequently, teachers preparing to teach at this level need not be required to take a 
formal computer science course, although a course focusing on computer applications 
in education is recommended 
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• Students preparing to teach at the middle school level should also complete the 
mathemadcal rcquiremcnr<! outlined in the NCTM Guidelines for this level, with specii*] 
attention to the priority topics recommended for elementary teachers and experienr j 
with more advanced topics from algebra, analysis, statistics, and discrete mathematics. 

• Middle school mathematics teachers should complete a course on computer appL^ations 
^ ducation and t computer science course that focuses on problem solving and, more 

icifically, on die nature of algorithmic thinking and the computer implementation of 
problem solutions. 

• Students preparing to teach mathematics at the secondary level should complete the 
mathematics major outlined in the NCTM Guidelines and LCui-sework in discrete 
mathematics, probability and statistics (including explor^ory data analysis), and 
numerical analysis. All topics must be taught in ways that demonstrate appropriate 
applications of computing to mathematics. 

• In addition to the computing courses recommended for middle school teacher^, 
secondary niathematics teachers should complete study that provides further experience 
witfi structured programming, algorithmic thinking, mathematical modeling, and other 
mathematics fundamental to computer science. 

To provide teachers of mathematics with the knowledge and skills needed to use computers 
and other technology effectively for instruction, programs of prcservice and in-service educuwon 
must include the following components: 

• Level 1 (awareness). Through the use of computers, calculators, and other technologj' 
as an integral part of the delivery of instrucrion in mathematics, teachers must be 
exposv 1 to a variety of applications that enhance their understanding of the potential of 
these technologies. They must experience a range of hands-on activities and 
explorations and see demonstrations of appropriate uses of technology in classrooms. 

• Level 2 (interaction with prepared software). Teachers at this level mu^ be given 
training in the selection and use of appropriate software to enhance instruction in 
mathematics, and information should be given to them about sources of 
mathematics-related software. The> . ast develop, deliver, and evaluate lessons and 
units that integrate existing software into mathematics instruction. 

' Level 3 (interaction with programming). Teachers should be given the opportunitj to 
engage in piogramming-related activities such as tracing, debugging, or modifying 
existing programs, all of which can enhance mathematics learning. Such experiences 
should focus on how programming ideas can be used to teach mathematical concepts, 
not on developing the teacher's personal programming sl^lh. 

The most impoitant point in these recomrocndations for change in mathematics tuicher 
education is the requirement that preservice and in-service programs must model the de. ired 
changes. Teacher.^ must experience rr athematics content and methods courses that emphasize 
priority topics and .'hat present those topics using a variety of techniques that fully integr.ite 
computers, calculators, and other information-processing technologies. The realization cf this 
goal will require commitment and cooperation among mathematics and teachei education t^icalaeb. 
Institutions must conimit needed resources for equipment and must support faculty study ti^ne. 

• Every institution should identify a computer resource teacher who can serve as a 
technical advisor for all teachers and a mathematics/computer resource teacher who can 
provide leadership in helping teachers make appropriate use of computing devices in 
mathematics instruction. Institutional support for training such individuals will be 
needed 
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• Institutions must provi- ongoing support mechanisms. Administrators must be 
educated about propo: changes in mathematics content and the delivery of instruct -^n 
and must be suppc* = of changes. Initiative and achi^ vement must be n-.cognizf 

• Colleges and universities should work with local schools Oiid districts to devise creauve 
models for in-service programs to upgrade teachers' backgrounds and ways to provide 
support for teachers as changes are implemented. Such programs must build in 
mechanisms to inform teachers at upper levels about curricular a.id instructioi il 
changes at lower levels and vice versa. 

• Professional organizations such as NCTM must offer training workshops :o prepare 
teacher educators for leadership roles in effecting change. Funding agencip- must offer 
support for retraining activities. 

Well-eciucated, committed teachers wiU b • the key to the successful implementation of 
curricular and instructional improvements. The computer education of preservice and in-service 
teachers represents a critical investment necessary for change to occur. 
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SESSION 8: PROJECT REPORTS AND 



4*8.1 Narrative Overview 



The participants were told at the beginning of the inservice that they would be required to do an 
individual or group f resentation during the last session. The main topLs tney could choose from 
were: 

1. What can you as an individual do to help integrate computers into the matii wurriculum that 
you help provide? Include detailed examples of what you are doing and/or intend to do. 

2. What your math department's future plans for integrating computers into the 
curriculum? Include a detailed discussion of current levels of implementation, the planning 
that has occurred, and what your department expects to accomplish in the next year or so. 

In both cases participants were told not to focus on a bck of software and hardware. That is, 
the focus was to be placed on what could be done with facilities that were available or which were 
apt to be available. Both topics are a type of long-range planning. Vivian Johnson's Ph.D. 
dissertation, which was an evaluation of some of the long term effects of the NSF inservices, 
indicated that schools that had done long-range planning tended to make greater progress than thu^e 
lacking such plans. 

When the NSF grant project was begun in 1985, the intent was to require that there be a school 
administrator participant from each school having teacher participants. While this objective was 
achieved during the first year of inservices, we were less successful during the second and third 
year of the project Thus, for example, during the second year we were replicating the math 
inservice, and many of the idea^ in this Notebook were being tried out for a second time. But we 
were unable to get a strong commitn^nt from the school adrninistrators in the schools that wanted to 
partiapatc. We Inste ^ goi a commitment that the administrators would attend the last session and 
at least one other session. 

It is inqportant for inservice providers to be aware that ofv^n there is substantial difference 
between what we "know" arc the right things to do to help inniease the effectiveness of an 
inservice, and what we arc actually able to do. We decided 1.. was better to have a low level of 
admin istrator participation, and have a goodly number of teache:r parr-^ipants, than to have only 
very few teacher participants. (That is, if we had attempted to otick to an absolute requirement of 
full administrator participation, nany teachers would not have been able to participate because iheir 
school admin istrators were unwilling to make the necessary commitmert tc participate.) 

One inajor purpose of this last session is to get participants to verbally commit themselves to a 
plan of action for the future in their particular department or school. It is felt that participanto who 
tell their peers about things they intend to do are more apt to do them. The last session also is 
designed to bring a sense of closiirc to the inservice series. Thus, time should be provided for a 
final simimary, discussion, follow-up opportunities, etc. 

Finally, tune needs to ^ r:ovided for a short evaluation session. More formative and 
summative evaluation data u ^ be gathered 
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There are many other possible topics for projects that participants mijght work on for a number 
of weeks and then present at a final session. Many inserviceb have participants work on cumculum 
development projects centered around a particular piece of ^^oftwarc. For example, the participant 
might pick a graphics program and develop several lesson plans making use of the software. These 
lesson plans might be tried out in the classroom. Then the final project would be a detailed wnteup 
of the lesson plans and a discussion of how well they worked in the classroom. Such lesson plans 
are shared among the participants. 

Educational change is a slow and difficult process. Participants in the NSF inservices tended 
to be well qualified, highly motivated teachers. Some had substantial previous computer inservice 
training while others had none. Each teacher seems to have his or her own threshold of inservice 
training and computer experience that is needed before feeling comfortable in beginning to make 
sigruficant use of computers in the classroom. The final session should be designed to encourage 
participants to continue to build on the knowledge ,ind experience gained during the inservice. One 
measure of success of the inservice is the level of immediate and continued computer ..pplicanon in 
the classrooHL But a second measure is whether participants continur learn and grow m the 
cornputer education field. Even if they only make the most mundane minimal use of computers 
during and imnxdiately after die inservice, have they acCiUircd foundaaonol knowledge, skills, and 
positive attimdes that lead to continued growth? If the answer iS yes, the inservice should be 
considered to be quite successful. 
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5A 

Evaluation Overview 

Rational for Evaluating Inservice Programs 

ITie planned outcome of many inservice programs is a set of changes in attitude or behavior. 
While fonnal evaluation provides staff developers witli a useful tool in planning, designing, 
developing, and implementing of staff inservice, "systematic evaluation of inservice programs is 
the exception rather ti:an die rule" (Gall & Renchler, 1985, p. 28.). The literature survey conducted 
by Vivian Johnson (1988) for her PhJD. dissertation indicated that very few inservice projects are 
adequately evaluated either vMle they nre being conducted or after they have been conducted Tnat 
is, very few inservice facilititDrs gather data that could be used to judge ihe effectiveness of their 
wort 

There is a substantial literature on effective inservice practices. In addition to Johnson (1988), 
a good starting point for the novice sttident of this field is Waile's (1984-85) meta-analysis of 91 
inservice studies. There is a very substantial bibliography in )ayct and Shower?; (1988). A 
number of effective practices identified by Stecher and R. Solcrzano (1987) are listed in Table 1 
given on the next page. 

Evaluation studies provide staff development personal with a mechanisr^ for judging the 
effectiveness of a program. The evaluation processes is divided into two components: formative 
and summative. A key point to remember is that the development of formad\ e and summative ' 
evaluation plans should always occur in conjunction with the planning, design and development of 
inservice programs. 

Formative evaluation concentrates on measuring the immediate success of the program. It 
begins with a needs assessment Then as the project continues, it provides feedback for the 
improvement and development of the ongoing artivi^^es. Goals of a formative evaluation include. 

1 Developing a permanent record of conditions prior to uservice. (This use also needed for 
summative evaluation, since it provides a baseline for raea-uring change.) 

2. Detemnning staff developn^nt required for improvement of the school, curriculum, etc. 

3. Ensuring the inservice program is implemented as effectively as possible. 

4. Identifying unanticipated outcomes. 



Cf Uie objectives listed, developing a record of pre inservice conditions is typically eliminated 
from evaluation plans. TWs occurs because plans for formative evaluation are neglected until 
inservice is about to be implemented or is in progress. But without a record describing the pre 
mservice conditions, it is tfflBcult to detemnne the type or degree of change that occurs during and 
Mowing an inservice. This impacts judging the overall effectiveness of a program (summatl /e 
evaluation), especially when tiie expected outcomes of an inservice are changes in participant 
attitudes, behaviors or values. 
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Wh^le formative evaluation is valuable, it provides little insight about the factors that affect 
institutionalization - that is, long term acceptance and implementation of a change (FuUan, 1982). 
To deteraiine the long term changes that arc niaintained foLowing inservice requires summative 
evaluation. Summative evaluation is also used for accountability, certification, selection or 
continuation of an established program. It concentrates on mea5iuring the residual effect of the 
progncn over time (6-12 months or more after the project has ended). Unfortunately, sunraiative 
evaluation is typically neglected 



Table 1: Effective Computer Inservice Practices 

1. Extensive practice with computers. 

2. Comfortable and relaxed atmosphere. 

3. Appropriate balance between lecture and guided practice. 

4. Individual attention. 

5. Knowledgeable trainers. 

6. Detailed curricxilum guides and lesson plans. 

7. Gear and relevant objectives. 

8. Lesson^related materials and handouts. 

9. Inservice lessons linked to instruction. 

10. Peer interaction. 

11. Voluntary participation. 

12. Strategies for teaching heterogeneous classes. 

The content of this table is fiovu "Characteristics of effective computer in-service programs, by 
B.M Stechtr and R. Solorzano, 1987, Pasadena, CA: Educauonal Testing Service. Copyright 
1987 by Educational Testing Service. 



Why should you interested in the residual effect? After all, formative evaluation can be 
designed to measure specific content, skills, or instructional strategies learned by participants during 
the inservice. B it uribramately, research indicates that knowledge, behaviors, anc skills acquired 
during inservia are seldom transferred to classroom situations. The problem is that without 
examining the residual effect over time longitudinal formative or summative) you arc unable to 
determine the overall effectiveness of your inservice program. 

A major goai in summative evaluation is to produce accurate descriptions of the p^gram along 
with measures of its effects (i.e., changes in participant attitude or behavior). These descriptio^o 
are valuable for a number of reasc. s. Typically the program description includes estimations oi 
program cost and helps decision makers detenmne if the program is worth continuing based o** its 
costs. Program descriptiur can also sen-e as planning documents for people wanting to duplicate 
the program or adapt it to ^inothei settmg. Program descriptions also document where you started 
from,* your current state, and where you want to or plan to go. Includiiig descriptions of where you 
plan to go ties summative evaluation to the first siage of formative evaluation, the needs assessment 
process. • ' 
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A final and neglected use of evaluation is for improving recycling of inservice programs. 
Many inservice providers pi^sent their inservices several times per year over a period of years. 
Keeping track of what presentations gc well, what software is useful and the needs of those in the 
workshop make it easier to improve the next cycle. 

Stecher and Soloizano (1987) identify two problems that result from the lack of evaluation 
research. One, without evaluation research it becomes difficult to judge the relative merits of 
inservice prograrns (summative evaluation). Two, without evaluation research, developers have 
Utde data to guide them in developing new programs and improving existing ones (formative 
evaluation). 

Planning for evaluation encourages developers to operationalize the goals, objecdves, and 
outcomes of an inservice program. The process of operationalizing encourages developers to divide 
the change into smaller pieces thus avoidini, the pitfall of trying to accomplish a wv^.iiplex change in 
one step. Evaluation is a constant reminder J change is difficult, complex, and takes a long time. 



Current State of Computer Inservice Evaluation 

A review of the literature indicated the majority of computer related inservice is not evaluated. 
When evaluation does occur, it is usually on a small scale and is "one shot," taking place during or 
within several days of the inservice. The most finequent evaluation goals arc determining 
modifications required for program i;iiprovement, making quantitative judgments of whether • 
inservice occurral, and validating that funds were spent on the development and/or initiation of the 
proposed program or course. 

The two most frequentiy used criteria for measuring the quality of an inservice program are. 

1 . Changes in participant attitude toward computers. 

2, Changes in participant computer literacy or knowledge/skills about particular aspects of using 
computers. 

The selection of these criteria is based on the notion that as participants develop a higher level 
of computer literacy and knowledge/skills, and positive attitudes toward computers, they will 
increase their classroom use of computers. The limited research does not support this notionl This 
is a \tr^ 'naportant point An inservice can be quite effective in increasing teacher knowledge and 
skills in me computer field, and have litde knnact or the teacher's students. 

Studies by Vorkell & Rivers, 1979, MitcheU, 1986, and Van Walleghem, 1986, suggest that 
positive attitude toward computers and computer literac) Joes not have much to do with classroorr 
use of computers. ITie longitudinal follow-up completed b- Vockell and Rivers (1979) indicated 
that participants completing an introductory computer cc^ subsequently tei l&i not to use 
computers in their classrooms. Subjects attributed their non use of computers to lack of access 
rather than a lack of knowledge on how to use them. 

Two studies addressed the relationship between changes in teachers' willingr*ess to use 
computers following inservice and actual classroom use of computers (MitcheU, 1986, Van 
Walleghi m, 1986). These studies indicated that while teacher willingness to jse computers 
increase i following inservice, this willingness did not correlate well with actial computer use m iho 
classnyjm. 



Planning to evaluate a computer related inservice 

The evaluation of a computer related inservice .should be designed to measure the extent that 
inservice objectives were achieved identify problems associated with implementing the inse.^ice 
objectives in the classroom, and measure the long term effect of inservice objecdves on student 
achievement The evaluation plan should contain two pha si, formative and summative, with 
approximately equal amount of time and effort allocated to each. 
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Summative evaluation should focus on: 



1 . Participant knowledge about computers. (Is there a change that can be attributed to the 
inservice?) 

2. Participant attitude toward computers. (Ts there a change that can be attributed to tlie 
inservice?) 

3. Participant instructional and professional use of computers. (Is there a change that can be 
attributed to the inservice?) 

4. Changes in the instructional use of computers by ttie students of the inservice participant (Is 
there a change that can be attributed to the inservice?) 



Pre and post questionnaires are effective instruments in measuring changes in participant 
knowledge and attitude, but remember that increased willingness to use computers does not 
correlate well with actual computer u^e in the classroonx If the goal of >cur inservice is to increase 
classroom use of computers, your evaluation plan must use additional crlicria besides changes in 
participant biowledge and attitude. 

Longitudinal evaluation is the only way to determine if sustained changes in classroom use of 
computers have occurred following inservice. The e valuation should use of a multi method 
apprt)ai h including both quantitative and qualitative measures. The multi method approach helps 
expose iie numerous factors (access to computers, lack of administrative support, teachers not 
seeing u value in the innovation, etc.) that iiihibit or prevent teachers willing to use computers from 
actual^ doing so. M ^ isuring changes in classroom use of computers requires base line data on 
instructional use of aiputer use prior to the inservice. Qianges in computer use that occur during 
fo^xflative evaluation are insufficient to judge the extent of computer implementation in the 
classroom* It is necessary to use longitudinal, summative evaluation techniques to see if gains 
made during a:* jiscrvice program are sustained 

Summative evaluation also serves other purposes. Plans for longitudinal evaluation are 
evidence of an institution's long term commitment to implementation of the umovation (it simply is 
not going to fade away). Identification of factors that impaa on the residual effect of inservice can 
facilitate making changes in the culture ^nd orgaruzation of the school necessary to maintain t ^ 
innovation. FuUan and Pomfiet (1977) jelieve the main problem in implementing curriculum 
irmovations is "that curriculum change usually necessitates certain organizational changes, 
particularly cl^anges in roles and role relationships of those organizational members ..lOSt direcd> 
involved in putting the innovation into practice (p. 337). ... Often the organi^tational (role 
relationship) change aspects of curriculum projects are left implicit in the plans (p. 337,." 
Longitudinal evaluation makes explicit the organizational and cultural changes that occ.** for 
computers to become an everyday instnictional tool. Only when these changes are m**v*c expUcit 
can they be addressed in an overall plan for staff development 

Selection of an t.ulu i^or 

In an ideal situation the use of an outside evaluatoi to assist in the planning, design, and 
development of an inservice program is highly recommend Thia io especially important if the 
inservice developers have littie experience with evaluation and/or if the inservice is :o be presented 
more than once. An evaluation expert can anticipate generic problems associated with the evaluation 
process and help train inservice personal in the development of an evaluation plan. 

An unfortunate reality is that many inservice projects may not have Me resources to obtain the 
services of an external evaluator. This places the evaJuatic*. conL^xjnent in the han^ li of inservice 
developers. If inservice personal are unfamiliar with evalaation process, they should solicit as 
much help as they can from experienced evaluators. It is recommended that the draft evaluation 
plan be subpodtted to an external evaluator for review and comment, even if the external evaluator 
cannot participate in the development and implementation process. No matter who ends up 
planning and conducting the evaluation, the process should occur in conjunction with the initiiU 
plamiing stages of the inservice. 

\ * 
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Role of local evaluator 

The primary role of the local evaluator is to gain consensus on the decision to evaluate 
plan and implement the evaluation. When planning the evaluation, it is necessary to gain 
administrative and participant support for the process. T>pically this requires convincing people of 
tht value of evaluation and dispelling its negative image. A large body of research supports the 
need for continuous evaluation of any change effort (the chang process, models of effectiv e staff 
development, and innovation and implementation attempts). 

Gaining administrative support is especially helpful, pamcularly when additional resources are 
required to conduct the evaluation. Participant support is critir- and cannot be taken for granted. 
Prior to the inser\ice - that is, during the needs assessment interaction with potential participants 
discuss the value of evaluation in helping to judge the reasonableness of inservice objectives, in 
assessing reasonable timelines for integrating computers in the classroom, for assessing the extent 
of resources necessary for this change to occur, and for helping administrators keep in touch with 
the actual realities of a classroom siroation. Remember that participai..s may be distrustful of the 
evaluation process, so try to alla> iheir fears. Creating an atmosphere conduciv .o evaluation 
should occur with ^^lanning what \o evaluate. 

Evaluation objectives an^ topics 

Inservice evaluation should addxcss the content of the inservice, the presentation of the material 
fthat is, the quality oi work being done by the inservice facilitator), changes in the participants, and 
Imparl on the students of the participants. Impact on students is the most difficult to determine. It 
should not be attempted on a formal level (summative evaluation) until a certain predetermined level 
of classroom computer use is documented That is, measuring the impact on students, of a 
computer inscx-vice for teachers, is a complex and demanding tasL It requires careful collection of 
baseline data (where the students are at the beginning with respect to the types oi changes being 
fostered through the inservice). 

Computer inservice is a new :;rea. Little agreement exists among educational computer expens 
as to the most appropriate scope and sequence for computer related inservice. The small body of 
existing evaluation research is helpful in guiding the planning "jid design of computer inservice, 
but there is a word of caution. Use the research as a guide, but also tailor the inservice content to 
reflect the unique namrc of your school district, and its long and short range computer goals. 
Ideally, inservi::e would be closely tied to carefully developed plans for instructional use of 
computers in schools that have been developed by the schools and districts of the educators who 
will participate in the ' "^service. The planning process is part of the needs assessment effort. 

Formative evaluation occurs simultaneously with the initial needs assessment, the initial 
plannLig, and the acmal conduct of the inservice. A growing body of literature on effective 
inservice practices and effective computer inservio: practices is starting to surface (refer to Tabie 1;. 
Inservice developers should use this limited research to guide their development of inservice 
delivery systems. Practitioners can also help the field of educational computing by laking 
systematic studies of which techniques are the most effective and under what conditions. 

Tabie 1 lists a number of possible areas for formative evaluation. That is, the inservice 
facilitator may decide to implement a number of the ^suggestions given in that table. Fomiative 
evaluation can help the facilitator to determine how */tU such a decision is being implemented 

Formative evaluation prior to and during the inservice measures how well tiie content met the 
current needs of participants. Longitudinal formative and summative evaluation determines when 
specific inservice programs are outdated and new ones need to be developed. It is important to 
remember that the goals of computer education are changing. The direcJon and content uf computer 
related inservice will require carefiil monitoring to ensure it meets the needs of teachers, and is 
continually updated to reflect changes in the field 

Determining the content of a computer inservice typically begins with a needs assessment The 
needs assessment process can be viewed as a special type of evaluation. The goal of need> 
assessment is to describe what you want the final state to be, assess the current slate, and determine 
if their is a discrepancy betw^een the two. If a discrepancy exists, intervention is necessary. 
Inservice is a common component of the intervention process. 

The introduction of any innovation requires an assessment of the staff skill level with regards 
to the innovation, staff attimde toward the innovation, an ' he characteristics of the school climate 
that impact on implementation of an innovation. 

Cx3 Notebook • 5.1 F valuation Overview • PageS 



A foinial formative evaluation plan typically includes pre and post questionnaires to deteraune 
participant knowledge and attitude. This approach is quick and efficient but lacks descnptive detail, 
provides littie evidence on participant computer skill level, and provide little insight into the 
problems teachers face when trying to use computers in the classroom. Combining questionnaircb 
with informal approaches results in a richer description and niay identify unanticipated problems oi 
concerns. Infonnal approaches include engaging staflf in informal conversations and structured 
interviews, attending staff meetings, and tallang with administrators. 

Assessment of participant initial skill level is botli a delicate isi^ue and difficult Most inservice 
teachers object to the idea that they might be given tests of their knowledge and skills in an ai^ 
such as instructional use of computers. This suggests that instead one should use observational 
techniques. These should include unobtrusive observation (wdlk-by^ of teacher classixK)mi,, noti ig 
who is using schoo' computer facilities, sign out 3h%ts for mobile computers, department requests 
for software and hardware) and obtrusive observation (classi x)m visitations). An excellent 
reference on unobtmsive evaluation techniques is V/ebb et al (1966). 

Currently there is little theoretical basis for the development of effective computer related 
inservice. Without the d. /elopment of this knowledge, staff developers will conHnue to reinvent 
the wheel every time they need to conduct cc .iputer related inservice. Documenuug, througli 
evaluation, the successes and failures can ^ !lp us build a common knowledge base useful to both 
researchers and practitioners. 

Magnitude and extent of the evaluation 

The appropriate magnitude and extend of an evaluation is dependent on the .agnitude of youi 
statf development goals for integrating computers Lito the classroom. Small ana simple goals 
requires smaller evaluations, while complex goals require substantial evaluation efforts. As a very 
rough rule of thumb, you might think of spending approximately ten percent of the inservice tune, 
effort, and money on evaluation. 

Longitudinal evaluation is a systematic way to detect permanent changes in participant 
behavior, the types of changes, and if the changes were Lhe anricipateu ones. Measuring changes m 
participant behavior enables you to assess the level of implementation that has occun^ following 
inservice. De^rmining the level of implementation is important because with complex changes 
(such as increasing in-class computer use) staff developers frcquendy und/-r estimated the time 
required to bring about a permanent change. Remember, evaluation of the I'mpaa on students can 
not be determined unless sorr-^ predetermined level of in-class computer use has been achieved 

To date, most evaluation efforts have been small scale and shon term. These evaluations 
concentrate on measuring the appropriateness of inservice content and materials, the effectiveness oi 
the delivery system, and immediate changes ir. participant attitude, Ijiowledge, or ^kill level 
occurred. This information i*; especially important when developing new inservice programs. 
However, without knowledge of the long term residual effects, it is difficult to determine what 
changes occurred and if they were maintained This prevents staff developers fix>m systemaacally 
plarming what should be done next or what additional interventions are necessary before moving 
on. 



Collecting evaluation data 

One overriding concern of any evaluation plan is to not overwhekn the subjects with addiaonal 
work. This is especially tme whe i working with classroom teachers. Prequendy, teachers attend 
inservice programs following a full day of classes and are tired However, teachers respond 
positively when they feel the information provided by them is valued and will be used by the proiect 
developers. 

A substantial amount of data can be gathered nuite quickly if the data collection ii stmments are 
c^ -efiilly designed Keep it short and simple (KISS) is a reasonable motto. The evaluator should 
think carefully about the purpose of each question. How will the data be analyzed, and how will \r 
be used? 
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It is also important to be aware of the attitude of the subjects you are workir. ,vith. A 
volunteer group m general will be more respective than a coerced group. Evaluation of the the CI^ 
project suggests that a volunteer group selected to participant via a competitive process will the most 
likely to participate in a longitudinal evaluation. (That is, the ideal situation is that the partii^ipantb 
are volunteers, and more people volunteer than can be accommodated.) 

It is highly recommended that all evaluation infonnaticn be anonymous. (By this we mean that 
the facilitator of the inservice should not be able to connect formative and sumnntive evaluanon data 
collected during and after the inservice with specific individuals in the inservice.) It is a hzi of life 
that day evaluation is stressful to people participating in it Making all daca anonymous does tw j 
things. One, it helps assure subjects their responses will not result in negative or punitive actioni>. 
Two, it creates an atmosphere where teachers are comfoitable responding in an honest and frank 
manner to ^valuation questions. 

The problem of evaluation stress is compounded when computers arc involved. Computer 
related inservice can produces high levels of strcss because of the difficulty associated with 
integrating computers into the classroom. The combination of the normal evaluation strcss .ad 
strcss rclated to computers has the potential for crcating an extremely bad situation. Reducing both 
sources of strcss is cxtren ely important if you want to be successful in this noajor change effon. 

An example 

In this section we will describe the development of an instrument for evaluating a computer 
inservice. We include the instrument that was developed and a sample of the aicomes obtained 
when the instrument was used ^Adth a group of secondary' ^* hool science teachers who were 
participating m a series of inservice sessions. We will cover purposes, instrument design, file 
construction, statistical analysis, and interpretation. The ideas illustrateu were ar^ equall> applicable 
in inservices in math, science, social smdies, elementary education, etc. 

The purpose of our evaluations in the CI^ project were three fold: I) formative, 2) sivnmative, 
and 3) long term residual. Here we will concentrate on the formative and ^ixromative a^^pects of one 
workshop devoted to integrating computers into the middle and secondary school science 
curriculum. The same ideas can be applied to inservices aimed at other groups of educators. 

Concern for the participant: Participants do not come to us to be evaluated, they come to 
learn. One must keep the forms and the evaluation brief. We allow abcat 40 minutes for the whole 
process 'uring the eight two-hour inservice sessions, with 20 minutes devoted to mid course 
session and 20 minutes devoted to evaluation during the final session. The inservice prcviuers 
were not in the room during the collection of data, outside evaluator distributed, collected and 
analyzed the data. 

Form Development: Many cf the forms we are using to illustrate the process (a number ot 
additional forms are given in the next chapter) were developed following observations of the 
sessions. The local evaluator attended the majority of the insenace sessions and had a good idea of 
what the content was for each session. The specifications (Wving the writing of the forms were to 
assess ^ ) quality of the delivery of the information, 2) interest of the material to the participant, and 
3) relev -^ce of the materials to the teaching tasks of the participants. 

An evaluation instrument was developed tc specifically fit the software used in the sessions. 
The science inservice sessions used Macintosli computers and tiie primary piece of software was 
Microsoft Works, an integrated package. Most of the inservice participants did not have access to 
Macintosh coro^raters in their schools. (This means that modifications of the instrument will be 
needed to fit other inservices which use different hardware and software, and focus on different 
subject matter.) 

All evaluation instruments should end with a series of open ended questions. However, it is 
prudent to rcstrict the space allowed for writing open ended responses. 

The usual method of form development involves a stage In which therc is a pilot test of the 
fonn itself. In informal and semi-formal situations, tJiis can be accomolished with a small number 
of people. The main ideas is to be sure that the wording is clear. 
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Questionnaire specifications: The instrument given in Figure 2 was used to evalu ue a 
computer workshop designed for a mixed audience of absolutely novice and more experienced 
users of computers. Ail were middle school and high school science teachers. The main long term 
goal of the workshop was to increase the use of computer as a tool in the science classeb taught b> 
the participants. 

The goals of the questionnaire were to evaluate the technical quality of the delivery, the specific 
action of some of die components, and whether the participants were able to sec die major goal of 
die workshop. There were a few questions aimed at specific problems such as the efifect of 
computer labs on instruction and the problems that participants may have had shifting to ai* 
unfamiliar computer. (While a number of participants had encountered the > .acintosh before, 
relatively few had substantial experience with this machine.) 

Questions 1, 7, 14, 15, 16, 18, 20, 22, and 25 are directed to die delivery of die workshop. 
Question 25, 1 would recommend this workshop se: sion for other teachers, is particularly 
important If the responses to this question was negative, then there v^^ould have been the need for 
extensive soul searching and a "hange in direction. 

Questions 4, 8, 10, 11, and to some extent 9 arc directed to die type of prog^^-ams being 
presented in the first half of the work:>hop. In these sessions th- general presentations covered 
using die computer and databases. This was wha was being ^ht, it was not negotiable. 
Negative responses to these qaesuons would have led to a reti*.. tdng of the deliver) system, not a 
reemphasis on other niaterials. 

Question 2 and 4, arc directed at the general idea of the workshop. These questions werc 
covered more thoroughly in the evaluation at the end of the workshop. 

Question 23, 24, 27, and 29, were directed to some problems revolving around transferring 
from Apple to Macintosh computers. Question 26 was very specific because the evaluator noticed 
diat some of die participants seenn^ to be having difficulty widi die mechanics of typing. 

In summary: We expect to ask questions focused at the con* it of the workshop. We expect to 
take a very brief look at the effectiveness of the delivery systti^s which include the quality of the 
teaching and the programs demonstrated 

Results: Figure 2 presents the evaluation instrument and sample dat^ collected about halfway 
through the inservice. The relevant information to exjmine is the mean responses to eacli of the 
items 1 25. It is well not to overwhekn die user of die data widi statistical excesses from pack, ^ed 
programs. The inservice facilitator may be able to modify the inservice sessions in response to 
major deviations from what was anticipated Means, rounded to tiie nearest .5, suffice for this 
purpose. Of course, some inservice facilitators will want to see moie detailed statistics. We have 
not included additional statistical data here, but the evaluator of the project provided as much detail 
as the facilitators desired 

Output in the form of Figure 2 contams information that is very helpful. In particular, 
question 3 reveals diat participants see die ability to use computers more in die future t^js being 
enhanced It is quite apparent that the overall evaluation of this workshop is good. The 
paiticipants feel more confident with computer (Ql), find the material worthwhile (Q14), and see 
die workshop as relevant Some of die texture of die situational setting can be found in the 
participants responses to the questions about availability of computers (Q21 and Q13). Those 
delivering die workshop should be proud of die responses to Q14, ihe binder and handout maisnai^ 
are useful; Q16, the workshop lived up to my expectations; and Q"15, 1 would recommend thib 
workshop to others. Responses to all these questions are near the top of the scale. 

There arc worries; Q2 indicates that they arc not using die computer morc. Q9 and Ql 1 
indicate that morc time should be spent on why databases arc needed and the game of the weeL 

It is important to rcmember why this particular workshop was selected for illustration. It was 
the first time the science inservice was offered to a group of teachers, and it wa^ the fi'^t time tlie 
inservice facilitator was in charge of such an extensive inser.ice series of sessions. Differcnt 
coniputers were used (that is, Macintosh computers instead of the Apple 2 computers that the 
participants might have anticipated). The ^ond presentation of die material (that is, a repLicatior of 
die inservice series done die next year) ^1.^ A^ed diat die providers made some changes diai werc 
rcflected in the participants responses. The evaluator does not recommend cross groups 
comparisons because conditions and clients are not constant. 

• / 

Cl3 Notebook • 5.1 Evaluation Overview • PageS 



Scii » Inservice Evaluation Instrument (This is the start of Table 2) 



(ts ote. This instrument was designed to require about iO minutes to complete. The bmall letter *n ' 
in the response field indicates the Mean Response of a group of science teachers who were 
participating in a sequence of eight two-hour computer inservices.) 



Instructions: Please lake about 20 .«unutes of your time to fill out the form. It is designed to help 
us assess the quality and effectiveness of the inservice, and to improve it. All responses will be 
confidcntiul. Only sunmary statistical data and responses that cannot be used to identify specific 
participants will be provided to the inservice facilitator. 

In the following questions, a response of 1 indicates that you strongly disagree with the statenent, 
while a response of 5 indicates that you strongly agree vnth the statement A response of 3 
neutral. 



Disagree 



Agree 



1 . I feel more competent with computers than I did at the stan 
of this workshop. 

2. I am using computers more with my students than I did 
at the start of the workshop. 

3. As a result of this workshop, in the future I will be able to 
use computers more with my students. 

4. I can see ways to integrate the programs demonstrated in 
the workshop into my curriculum. 

5. As a result of this workshop, I have found programs not 
demonstrated in the woikshop and integrated them 

into my curriculum. 

6. I have been able to interest other teachers in what we have 
been doing in these workshops. 

7. The sessions contain too much information to 
absorb comfortably. 

8. I would like to see some programs demonstrated that are 
directly related to science. 

9. The Game of the Week has been helpful. 



10. The sessions have helped me recognize non computerized 
database applications in my classroom. 

11. I feel that databases have a legitimate role in science 
classrooms. 

12. Time should be spent exploring practical problems like 
getting students to the computers. 



2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
ni 

2 3 4 5 
m 

2 3 4 5 
m 



2 3 4 5 
m 



2 
m 



4 5 



2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2^45 
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13. The greatest blcx:k to using computers is lack of access. 



14. The contents of the binder (the handouts) is worthwhile. 



15. The workshop activities an*, relevant to my current 
classroom needs. 

16. This workshop has lived up to my expectations. 



17. I have learned a great deal about computers from other 
participants in the inservice. 

18. We should take more time to explore the programs 
thit we have seen in the workshops. 

19. The instructors should have spent more time assessing 
existing computers skills in the group of participants. 

20. The written materials clearly explain the software that 
we are using daring the workshop sessions. 

2 1 . The district emphasis on computer laboratories for wori 
processing limits access to computers at those times I 
might use them for science. 

22. The progress of the workshop through the computer programs 
we have explored is slower than I would have UkeA 

23. Transfer (of my previous computer knowledge) from other 
computers to the Macintosh was relatively easy for me. 

24. Learning the mechamcs of using the computer is more the 
responsibility of the individual teacher (via working outside 
of the workshop) than it is of the workshop facilitators during 
workshop sessions. 

25. I would recommend this workshop for others. 



2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 



2 3 4 5 
m 

2 3 4 5 
m 

2 3 4 5 
m 



2 3 4 5 
m 



Instractions: The following four questions car be answered Yes or No. Piease circle your 
choice. 



{Note to reader: The percentages given arc data from the same group as above.) 



26. I am a reasonably competent touch typist Yes 67% No 33% 

27. I was familiar with the Macintosh computer before Yes 42% No 58% 
the start of the workshop. 

28. The bulk of the material we have covered was familiar Yes 25% No 75% 
to me before the start of the workshop. 
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29. I was familiar with the Aj. J computer or other computers Yes 67% No 33% 
bcforr the start of the workshops. 

Instructions: Please provide brief responses to the following questions. Use the back of the 
page if necessary. 

30. What ic the most positive aspect of the woricshop? 

31. What are the factors most needing improving? 

32. Please write up three ideas that you think you have picked up that may be direcdy applicable 
to your classes. 



33. Any other comiMnts you would like to make would be appreciated 

Table 2: Scic^nce Inservice Evaluation Instrument 
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5.2 

EVALUATION FORMS 



This section contains samples of a number of tfie evaluation forms used during the NSF project 
inservices. 



Title of Form 


Page 


Principal Interview Form (Needs Assessment) 


2 


School Site Information Sheet 


4 


Q3 Teacher Needs Assessment 


5 


Concerns Questionnaire 


7 


Computer Attitudes Survey 


11 


Sample Results from Computer Attirades Survey 


12 


Ease of Use Survey 


13 


Participant Log Sheet 


14 


Social Studies Inservice Evaluation" 


15 
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Principal Interview Form (Needs Assessment) 



Name: 



Schcol: 



Date: 

Principal interviews are conducted as part of the needs assessment The idea is to intervievv the 
principals (or other high level school administrators) in the schools of the inservice participants. 
Ideally, the people being interviewed would also participate in all of the inservice sessions, or at 
least in a significant number of them. Research suggests that this is hi^y desirable if the intent iS 
that the inseivices will lead to changes in the classroom. School administrators are key educational 
change agents. Unless they f .ve open and strong support to teachers working to make change in 
the curriculum, relatively littb change is apt to occur. 

One typically begins an interview by explaining its purpose and what the infon^tion will be 
used for. TTie person being interviewed should be assured that the information will be confidential. 
Some people doing interviewing find it desirable to use a tape recorder. If this is done, be oure to 
ask the interviewee if he/she nunds being recorded Since direct quotes of the answers arc not 
needed and many people feel uncomfortable talking into a recorder, it is probably better to not make 
use of a recorder. 

When several people are to be interviewed for the sarxK purpose, it is helpful to have a script or 
a sequence of questions that all will be asked However, feel fr^ to deviate from the script in order 
to follow up on in^)OTtant issues. 

1 . What do you perceive arc the most pressing needs related to the use of computers in your 
school? (J>}ote: Prcsimiably the interviewee knov/s that your orientation is toward instructional 
uses of conjputers. However, you might find that the answer provided is oriented toward 
administrative uses. If so, you might want to try this question again, but emphasizing 
instructional uses.) 



2, Please desaribe the role and duties of the computer coordinator or computer building 

representative at your school. (If there is no such person, probe to find the name of the person 
who tends to do the most in helping the school make instructional use of computers.) 



3. Please describe some of the instructional uses of computers currently occurring at your oi:hool. 



Cl3 Notebook • 5.2 Evaluation Fonns • Page 2 



4. What computer equipment is available for use by students Jid teachers at your school? Where 
and/or how is it s'tuated? 



5. What training has your staff had in the use of computers? 



6j What training have you had? (Descube how you use computers to do your job.) 



7- Does your school have a written set cf long-range plans for instnictional use of computers? (l[ 
ye^, can you provide me with a copy? What are some of its key goals?) 



8, Does your school district have a written set of long-range plans for iivstructional of 
computers, (If yes, can you briefly describe r* 'ans?) 



9. Are there other important things I should know about Instmcdonal use of computers m your 
school thai would be helpfiil in designing and conducting inservice for your teachers? 
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Schoo' Site Information Sheet 



{Note: It is often quite desirable to hold inservice sessions in the schools of the participdnts. This 
form is desigred to aid in collection of iiaormation about the computcT facilit.^^ available in a school 
thi^t might be available for inservice sessions and/or that might be a^^ailable to insei vice participants 
for tl;tir personal u^'* and use with students.) 

Site Contact Person 

Which equipment is available? 



When is equipment available? 



Where is equipment available? 



What is the i ft)cedure for organizing or obtaining equipment for use in the classroom? 



What is the procedure for seruring the lab? , 



What software is available? 



How is it obtained? . 



Time schedule? (Obtain a copy of the school and its teachers* time schedule ) 



^ Cl3 Notebook • 5.2 Evaluatioh Forms • Page 4 



CP Teacher Needs Assessment 

Name: 

School: 

(This instrument is designed to be filled ou' jy teachers who might be interested in participating in a 
computer inservice. One way to make use of this instrument is to meet with the teachers in a school 
who have expressed some interest in an inservicc. Discuss the nature of the types of inservices ihat 
might be possible. Answer their questions. Then have each person who might be interested in 
participating in an inservice fill out the following fonn. Assure the teachers that the results will be 
confidentiaL) 

Instructions: 

For numbers 1-5 below, please cir^lQ yes or no. 

1. Have you requested that your school or departmc.it purchase any software within the last year? 

YES NO 



2. Have you used the school district's ^ottware preview center within the past 12 months? 

YES NO 



3. Does the integratibn of the conyuter in education change the priorities of what should be taught 
in the curriculum? 

YES NO 



4. Do you plan to purchase a personal computer within the next 12 months? 

YES NO 

5. Do you have a cor^outer in your home? 

YES NO 

If you circled YES, 

» What brand and model is it? 

(b) How much is it used, and for what purposes? 
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(c) Do you brine it into the classroom? YES NO 

Instructions: 

For numbers 6-14 below, please write a brief answer. 

6. List the subject areas in your curriculum where you.think computer use is currently helping 
your students. 



7, List the general types of computer .applications you think are currently helpings your 
students. 



8. List the subjiKt areas in your curriculum where you think computer use is currently helping 
you. 



9. Lisr the genersl types of computer applications you think are currently helping you. 



10. List the areas (not necessarily in your classroom) where ^uu inight like to use ? computer if 
you could gain appropriate training ai.d access to facilities (ie., any kind of personal use, 
recreation, database, gradebook, eic). 
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11. 



List the nam^ of the computer programs/packages, (titles) you have ordered or re4«ested to be 
ordered for educational/school use in the last year. 



12. List the nam^s of the top 5 computer programs/packages (tides) diat you use or have used 
most firequendy with your students. 



13. (a) List the names of the top five computer programs/packages (tides) that you use in your role 
as an educator or for personal use. 



(b) Indicate th*? approxiniate number of computer programs/packages you use ^' ith >uur 
Classes? 

X) Indicate the approximate number of computer programs/packages that you use for 
personal use? 

14. What kind of inservice or workshops would you like to see in t^ c ft: :ure? What characteristics 
and content would they have to have so that you would probably participate on a voluntary 
bafis? 



s: 
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Concerns Questionnaire 

Name : 

Date 

The purpose of this questionnaire is to determine the concerns people have about future 
educational innovations. The items were developed from typical responses of school and 
college educators who ranged fiiom having no knowledge at all about various innovations to 
many years experience in using them. Therefore, a number of the hems may appear to be of 
little relevance to you at this time. For the completely irrelevant items, please circle "0'* on the 
scale. Other items will represent those concerns you do have, in varying degrees of intensity, 
and should be marked higher on the scale, according to the explanation at the top of each of the 
following pages. 

For example: 

0 1 2 3 4 5 6 7 

Not true of me now Son5ewh?t rnie of me now Very true of itie now 

01234562 This statement is very true of me at this time. (Circle the 7. Aslighdy 

less strong response would be given by circling the 6.) 

01234567 This statement is somewhat true of me now. (Circle the 4. A slightly 

weaker response would be given by circling the 3 while a slighdy 
stronger response would be given by circling the 5.) 

01234567 This, statement is not at all true of at this time. (Circle the 1. A 

slighdy stronger response would I e given by circling the 2.) 

Q1234567 This statement seems irrelevant to me. (Circle the 0.) 

Please respond to the items in terms of vour present concerns, how you feel about your 
involvement or yotential involvement with integ^don of computei. liiStruction . We do not 
hold to any one definition of this innovation, so please think of it L; vurms of you own perception 
of what it jivolves. Sincetliisquestionnaireisusedfora variety of innovations, tne term 
Cpnipmer integrgtipn never appears. However, phrases such as "the innovation,*' "This approach, ' 
and "the new system" all refer to computer into g r^rion . Remember to respond to each Item in terms 
of your present concerns about your involvement or potential involvement wiui computer 
integration. 



Thank you for taking time to complete this task. 



Copyright, 1974 

Procedures for Adopting Educational Innovations/CBtAM Project 
R&D Center for Teacher Education, The University of Texas at Austin 
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3 


4 
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0 
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3 


4 


5 


6 


7 



1 2 3 4 5 6 7 

Not true of me now Somewhat true of me now Vet v true of me now 



I am concerned about evaluating my impact on students. 

I would like lo revise the innovation's instmctional ^proach. 

I am cojopletely occupied wdth other things. 

I would like to oKxiify our use of the innovation based on the 
experiences of our students. 

0 1234567 Although I don't know about this innovation, I am concerned 

about things in the area, 

01234567 I would like to excite my students about their part m this 

approach. 

0 1234567 I am concerned about time^ spent working with nonacademic 

problems related to this innovation. 

01234567 I would like to know what the use of the innovation ^Adll 

require in the immediate future. 

01234567 I wodd like to coordiimte my effort witii others to maxirnize 

die innovation's effects. 

01234567 I would like to have moio iribrmation on time and energy 

commitments required by this innovation. 

01234567 I would like to know what other faculty are doing in this area* 

01234567 At tMs time, I am not interested in learning about this 

innovation. 

01234567 I would like to detemiine how to supplement, enhance or 

replace the innovation. 

0 1234567 I would like to use feedback firom students to change the 

program. 

01234567 I would like to know how my role will change when I am 

using the innovaticn. 

0 1234567 Coordination of tasks and people is taking too much of my 

0 1234567 I would like to know how this mnovation is better than what 

we have now. 



Copyright, 1974 

Procedures for / ' -Jpting Educational Innovations/CBAM Project 
R&D Center foi leacher Education, The University of Texas at Austin 
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0 


1 


2 


3 


4 


5 


6 


7 


0 


1 


2 


3 


4 


5 


6 


7 


0 




2 


3 


4 


5 


6 


7 



0 1 2 3 4 ' 5 6 7 

Not true of me ;iow Somewhat true of me now Very true of me now 

01234567 lam concerned about students* attitudes toward this 

innovation. 

I now know of some other approaches that might work better. 

I don't even know what the innovation is. 

i am conc;5med about about not having enough time to organize 
myself each day. 

01234567 I would like to help other faculty in their use of the 

innovation. 

01234567 I have a very limited knowledge about the innovation. 

01234567 I would like to know the effects of reorganization on my 

professional status, 

01234567 lam concerned about conflict beDveen my interests and my 

responsibilities. 

0123^567 lam concerned about revising my use of the imiovation. 

01234567 I would like to develop working relationships with both our 

faculty and outside faculty using this innovation. 

01234567 lam concerned about how the innovation affects students. 

01234567 I am not concerned about this innovation. 

01234567 I would like to know who will make the decisions in the new 

system. 

01234567 I would like to discu;;s the possibility of using the innovation. 

01234567 I would like to know what resourcer are available if we d'^cide 

to adopt this innovation. 

01234567 lam concerned about my inability to manage all the 

innovation requires. 

01234567 I would like to know how my teaching or administration is 

supposed to change. 

01234567 I would like to familiarize other departments or persons with 

the progress of this new approach. 

Copyright, 1974 

Procedures foi* Adopting Educational Innovations/CB AM Project 
R&D Center for Teacher Education, The University of Texas at Austin 
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Demograi^liic Self-Description 

PLEASE COMPLETE THE FOLLOWING: 
L What percent of your job is: 

teaching % Administration % Other (specify^ % 

2. Do you work: full time part time 

3. Female Male 

4 Age: 20-29 30-39 40-49 50-59 60-69 

5. Highest degree earned: 

Associate Bachelor Masters Doctorate 

6. Year degn*^ e-amed: 7. Total years teaching 

8. Number of years at present school: 

9. In how may schools have you held full time appointments? 

one two three four five or more 

10. How long have you been involved in computer integration, not counting this year? 

1 2 3 4 5 years 
never year years years years or more 

11. In your use of computer integration, do you consider yourself to be a: 
nonuser novice intermediate old hand past user 

12. Have you received formal training in coniputer integration (workshops, courses): 
yes ' no 

13. Are you currentiy in the first or second year of use of some major Innovation or program 
other than computer integration? 

yes no 

If yes, please describe this program briefly. 

Copyright, 1974 

Procedures for Adopting Educational Innovations/CBAM Project 
R&D Center for Teacher Education, 1 he University of Texas at Austin 
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Computer Attitudes Survey 



Name: 



School: 

{Note: It is relatively comma to administer an attitude scale before and after an inservice, and 
perhaps a third time for long •-rra follow-up. This is done as part of the summative eval^^tion of an 
inservice. As for all collections of evaluative information, participants should be reassured that the 
information collecied will be confidential and will not affect their grade in the inservice. Ideally, 
this survey form would be administered, collected, and analyzed by someone other than the 
inservice facilitator.) 



Instructions: 

Please circle the number that best describes your attitude. If you strongly agree with the statement 
circle 1 for strongly agree. If you strongly disagree with the statement circle 5. Circle 3 if your 
attitude toward the statement is neutral. 



Strongly 
Agree 



Strongly 
Disagree 



1 . Computers can improve learning of higher order skills. 

2. Composers will improve education. 

3. Computers can improve drill and practice. 

4. Computers ivill create jobs needing specialized training. 

5. Computers will improve health care. 

6. A person today cannot escape the influence of computers. 

7. Computers will displace teachers. 

8. Computers will dehumanize society. 

9. Computers can teach better than teachers. 

10. Computers are beyond the understanding of the typical person. 

1 1. Computers will replace low-skill jobs. 



2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 



4 

4 
4 
4 
4 
4 
4 
4 
4 



5 

5 
5 
5 
5 
5 
5 
5 
5 



4 5 
4 5 



Scale from Computer Attitudes Footer Structure developed by Bannon, Susan H., Marshall, Jon C, and Fluegal, 
Susan in Cognitive and affective computer attitude scales. A validity study . Educational and Psycholugn.al 
Measwemei '. ^^5, 679-681. 
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Sample Results from Computer Attitudes Survey 



The Computer Attiuides Survey was administ jred to 28 participants at the beginning and end 
of an eight-session inscrvice designed to teach tool use of computers in the curriculum. The table 
below gives thr; mca*is of their responses. The last column gives the results of a 2 tail t test, and 
indicates a significant chanjje only on the first item. 



Item 
Number 


Beginning 
Mran 


Ending 
Mean 


2-tail t-test 
P = 


L 


1.786 


1.250 


.026 


2. 


1.857 


1.929 


.731 


3. 


1.571 


1.714 


.355 


4, 


1.407 


1.500 


.490 


5. 


2.036 


L857 


.408 


6. 


1.357 


1.429 


.691 


7. 


4.571 


4.750 


.259 


8. 


4.179 


4.250 


.646 


9. 


4.500 


4.643 


.460 


10. 


4.357 


4.714 


.096 


11. 


3.321 


3.500 


.456 
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Ease of Use Atdtude Survey 



Namt • 
School: 



(A' re: This attirude sur cy form could be administered concurrently with the Con.^ * Attitude^ 
Survey. For many teachers, their itude toward ease ^ availability and access of computer 
software and hardware may be a major determining factor in whether they mats: Lnctructional ui>e of 
computers for themselves and their students.) 

Instructions: 

The following activities relate to the ease of using computers and software in your cunli^alum and 
clpssroonx For n'inibers 1-7, please circle tlie number that best des nibes your attitude towards 
each activity. The scale runs from 1 (Very Difficult) to 5 (Very Easy). 



Difficult . 

1. Obtaining a computer and 
monitor for use in my class is 

2. Obtaining the proper software is 

3. Scheduling the use of the 
computer lab for my ss is 

4. Obtaining time for setting up 
the computer in my class is 

5. Obtaining time for learning how 
to use and review new software is 

6. Obtaining time for using the 
computer within the present 
curriculum is 

7. Using a computer aiid 'ftwarc 
in my class is 



Eas>' 



2 3 4 
2 3 4 



Veiy 

5 
5 



4 5 



8. The number of machines available for use in my classroom is 



9. The number of teacher(s) who share the available machines is 
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Participant Log Sheet 



(No^e: Participants were requested to keep a daily log of ilieir computer use and related activities 
during the weeks of the inservice sessions. These were turned in each week and provided the 
inservice facilitator with valuable formative evaluation infonnation.) 

Name Date 



Please use this form to record all of your computer-related activities, both at school and at 
home, during the week. This log sheet is not used for grading purposes. Its purpose is to 
provide formative evaluation information to the inservice facilitator. 

Monday 



Tuesday 



Wednesday 



Thursday 



Friday 



Weekend 



Use back of sheet for notes, additional comme its, and questions you would like to ask the 
inservice facilitator. 
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Social Studies Inservice Evaluation Form 

{Note: A forir»ative evaluation form of this sort can be used in almost any insei vdce directed 
toward helping participants learn to make increased and appropriate instructional use of computers 
in their classrooms The sample form provided here was designed for use m an msendce for 
secondary school social studies teachers. With slight modification it can be used in a math, 
science, elenoentary school, etc. inservice. Participants should be assured that their answers will 
be kept confidential and vtdll have no bearing on their grade in the inservice, if grades or other 
requirements have been established for satisfactory completion of the inservice. It is desirable that 
this fOTD be administered by someone other than the inservice facilitator and that the results be 
conqjiled by someone other than the inservice facilitator. The inservice facilitator should only 
receive summary statistical data and participant comments that cannot be associated with specific 
participants. Note also that the same form could be used several times during an inservice that 
extended over a number of sessions.) 

Name: 



School: 



We are interested in your overall evaluation of this workshop. For numbers 1 - 34, please circle the 
number that best describes your attitude. If you agree with die statement circle 5 for agree. If you 
disagree with the statement circle 1. Circle 3 if your attitude toward the statement is neutral. 

, _ Disagree Agree 

1 . I feel more competent with computers than I 

did at the start of this workshop. 1 2 3 4 5 

2. My students have increased their classroom use 

of computers as a result of this workshop. 1 2 3 4 5 



3. Lack of student access to computers is the greatest 
block to my integrating computers into the 
curriculum. 



1 2 3 4 5 



4. I feel competent integrating the software programs 
and activities demonstrated in the workshop into my 

teaching. 1 2 3 4 5 

5. I have sought out and located software 
programs not demonstrated in the workshop 

and integrated then? into my curriculum. 1 2 3 4 5 

6. I have been able to bterest other teachers 

in what we have been doing in these workshops. 1 2 3 4 5 

7. Too much information was presented during the 

sessions to absorb comfortably. 1 2 3 4 5 

8. I would like to see the workshop demonstrate 
software programs and activities more directiy 

related to my content area, 1 2 3 4 5 
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ERIC 



Disagree Agree 

9. Time should be spent exploring practical 

problems like getting students to the computers. 1 2 3 4 5 

10. As a result of this workshop I will increase my 

instructional use of computers with my students. 1 2 3 4 5 

1 1. The contents of the participant notebook and handouts 
will be useful in planning and developing computer 

related activities for my classes. 1 2 3 4 5 

12. I have started collecting computer software disks. 1 2 3 4 5 

13. This workshop has lived up to my expectations. 1 2 3 4 5 

14. I have learned a great deal about coniputers 

firom other participants in the workshop. 1 2 3 4 5 

15. More time should have been set aside for participants 
to explore the software programs and materials 

demonstrated during the workshop. 1 2 3 4 5 

16. The written materials clearly explain how to move 

through the programs. 1 2 3 4 5 

17. The progress of the workshop is slower than 

I would have liked. 1 2 3 4 5 

18. The information presented in the sessions is 

relevant to my classroom. 1 2 3 4 5 

19. I would recommend this workshop to other 

teachers. 1 2 3 4 5 

20. I am not convinced that computers w?ll 
increase student achievement in my content 

area. 1 2 3 4 5 

21 . I now talk more to other teachers about computers 

than I did at the start of the v.'orkshop. * 1 2 3 4 5 

22. Money for computers should be shifted from 

other areas of the school budget 1 2 3 4 5 

23. The instructors should have spent more time 
demonstratingagreatervariety of software. 1 2 3 4 5 

24. Vxt greatest block to my using computers in 
the classroom is my philosophical disagreement 

with their worth in my content area. 1 2 3 4 5 

25. The progress of the workshop is faster than I 

would have liked. 1 2 3 4 5 
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26. Lack of teacher access to computers is the greatest 
block to my using computers. 

27. I would like a workshop leader to come into my 
classroom and demonstrate a lesson using ihe computer 
as an instructional tool. 

28. I feel more comfortable using computers with my 
students than I did at the start of the woricshop. 

29. I am willing to have someone come into my classroom 
and observe me using computers with my students. 

30. I am more inclined to let students use computers 

to develop an understanding of concepts and ideas than I 
was at the start of the workshop. 

31. I would have liked time during the workshop to 
modify and/or develop computer activities for use in 
my classroom* 



32. 



33. 



34. 



I would prefer that all workshop participants be 
teaching the same courses and grade levels. 



I found it easy to get access to computer 
hardware and software between sessions to try our 
ideas we learned in the workshop. 

I would be more likely to use computers if there 
was a computer resource person I could consult 
witli at my school. 



Disagree Agree 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 

2 3 4 5 



For questions 35-40 circle, please circle yes if you agree with the statement and no if you disague 
with the staten^nt 



35. I have spent more time watching others use the 
computers in the workshop than I have spent in 
using them myself. 

36. The goal of this workshop should be developing 
teacher skills in the practical use of the computer. 

37.. I felt pressure to attend tiiis workshop fiom other 
sources. 

?8. I would rather spend more tiI^^ with the computers 
and less time concerning ourselves with issues 
such as other resources in the school. 



Yes 
Yes 
Yes 



No 
No 
No 



Yes No 



(} > 



ERIC 
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39. The goal of this workshop should be developing an 
understanding of how to integrate computers into my 

content area. Yes No 

40. I have increased my understanding of how to use computers 

as a problem solving tool as a result of this workshop. Yes No 



For numbers 41-48 please circle the number die best describes your attitude toward eat:h of the 
software programs listed Ifyou think the program was excellent circle 5 for excellent If you 
think die program was poor circle L Circle 3 if your attitude toward die program is neutraJ. Please 
do not refer to your handouts or notebook, we are interested in how you remember these software 
programs. 

Poor Excellent 



41. 


United States Database 


1 2 


3 


4 


5 


42. 


North American Database 


1 2 


3 


4 


5 


43. 


President Elect 


1 2 


3 


4 


5 


44. 


The Other Side 


1 2 


3 


4 


5 


45. 


^^S.ffistory 


1 2 


3 


4 


5 


46. 


Easy Graph 


1 2 


3 


4 


5 


47. 


MECC Graph 


1 2 


3 


4 


5 


48. 


Bank Street File 


1 2 


3 


4 


5 



Please write brief answers to the following questions. 



1 . Has die workshop been relevant to your needs? 



2, Has die workshop been organized in a way diat facilitated learning? If not, how can we 
improve it? 



3. Please write a short description (2 or 3 sentences'^ of what you perceive as the purpose of the 
workshop. 



'J 3 
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4. Identify the most positive aspect(s) of the wor'fshop? 



5, Please describe two or three ideas demonstrated during the workshop that are direcdy 
applicable to your classes. 



6. What can we do to improve this woikshop and others like it? 



7- Please feel free to inake any general comments about the in-service. 



ERIC 
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LONG TERM FOLLOWUP EVALUATION 



As indicated in Section 5.1, relatively few inservice projects conduct meaningful long term 
foUowup evaluation to determine possible effects of the inservice. The NSF project conducted quite 
a bit of long term followup evaluation. Most of this research was conducted by two graduate 
students who were employed by the project and conducted the evaluations as part of their Ph.D. 
dissertation research. The references to their Ph.D. dissertations are given below. Each of these 
dissertations is available for $20 from the International Council for Computers in Education, 1787 
Agate Street, Eugene, Oregon 9740 J. 

Hanfling, Seymour Samuel (December 1986). A formative evaluation of elementary and j>econdar> 
staff development inservices on integrating computer innovations into the curriculum. Ph.D. 
Dissertation, University of Oregon. 

Johnson, Vivian Patricia (August 1988). An exploratory case study describing the long-term 
residual effect of the computer-integrated instruction inservice (CP project). Ph.D. Dissertation, 
University of Oregon. 

The following pages contain some of the instrumentation that was used in the long term 
evaluation. Much more detail is provided in the Ph.D. dissertations. Readers interested in the 
details of such long term evaluation are well advised to begin by reading Vivian Johnson s 
dissertation. 

Title Page 



CI^ Inservice Participant Focused Interview (Long Form) 2 
CI^ Inservice Participant Focused Interview (Short Form) 7 
Cl3 Project Long Term Assessment 9 
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Cl3 Inservice Participant Focused Interview 
(Long Form) 



Site: 

Subject: . 



Introduction 

Purpose 



Topics to be 
covered 



Ethics 



Concerns of 
respondent 



Date: 

Researcher 



This interview is part of the CI^ inservice follow-up. The inteiview is a 
major source of data to help us determine the residual effect of the inservice 
you completed 

Interview questions will briefly cover the following topics: your 
teaching experience, your experience with computers, features of the 
inservice, your attitude and expectations about using computers in 
education, and how completing the inservice affected you. If there is rime 
available at the end of the interview, please feel free to go back and provide 
more detail on specific questions. 

I would like to tape record this interview only for the purpose of validating 
the accuracy of my questions. The taped interview will be heard by only 
myself and (list and other names and explain why they may also listen to the 
recording). Your name will never be mentioned, nor will any particular 
response be connected to you. In addition, you may turn the tape recorded 
off at any time. 

Do you have any questions or concerns before I begin? 
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Experience 

Teaching 



(Time allocation 5 nain) 

Mow long have you been teaching (brief)? 



Computers 



Briefly describe your experience with compuiers. 



If experienced, what brands of computers do you feel comfortable using? 

Apple BM 

Atari Radio Shack 

Commodore (PET) Commodore C-64 

Macintosh Other (Note Brand) 



InS£D3££ 
Features 

Conteiit 



CHme Allocation 5-7 min.) 



Wiiat did you perceive as the subject of the inservice you completed? 



Positive 
features 



What were tht features that made the inservice 
work best for you? Examples? 



(As a backup, show list ofinservice features and ask: Do you remember 
any of these features?) 



Limitations 



V/h2Lt features of the inservice limited its success? 



• 



ERIC 



(As a bickup, show list of features and ask: Others say these features are 
the most important, what would you add or delete? Did your inservice 
have these?) 



-.97 
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Changes over Would your answers have been different just after 

time you finished the inservice? 



and Expectations 

Computers 
in education 



(Time allocation 10 min.) 



What do you think we should be doing with 
computers in education? 



Probe to elicit teachers' perceptions in the following areas: appropriate 
uses of computers 



. enrichment 



remediation 



regular instruction 



If time permits suggest teachers describe some specific examples of 
appropriate uses. 
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Teaching 



What would you like to be doing with computers in your own classroom? 



Effect on 
students 



What effect will classroom use of computers have 
on your students? 



How will they respond? What will they learn? 



Reason for 
inservicc 



Why did you sign up for the inservice? 
Was it voluntary? yes no 



Anticipated 
Outcomes 



What did you hope to learn? What did you hope 
to be aJble to do? 



Outcomes 
Expectations 



(Tin^ allocation 15 min.) 

Did you Icam what you hoped to learn? 
Why? Why not? 



Knowledge 
and Skills 



Describe what you learned? What facts and skill 



Teaching 



Did the inservice affect the way you teach? Either 
how you teach or what you teach? 



Students 



Naixse the computer applications that you feel are the most beneficial to 
youf students? 

(Provide only word processing as an example of a computer application.) 



-93 



ERIC 
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Have you seen changes in your snidents since using computers in the 

class? 

(Possible examples: snident attitude towards school, towards learning, 
towards subject matter) 



Plans 



What do you plan tO be doing with computers in the future? 



Problems 



What factO!:s inflf' nee your choice to use or not use computers in your 
classroom. 



(If participants have difficulty answering this questions - suggest they 
think about the following: access to computers, time issues, support 
from school administration, etc. 



What problems have you had trying to use computers that the inservice 
did not prepare you to solve? 



Changes 
in inservice 



How would you change the inservice 
(Omit if time bccdnes a problem) 



Einal 

Instructions 



We arc at the end of the interview, is tiierc 

anything else you would like to mention or a question you wish to go 

back to. 



Please thank the individual for their time and input and tell 
them they have been very helpful. 
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CP Inservice Participant Focused Interview 
(Short Form) 

Name: 

School: 

Date: 

Instructions: 

Instruct the participant to answer the following questions as briefly as 

possible. (Note: Use the same confidentiality discussion as is given with the Long Fonn.) 

1. Describe the purpose of the CP computer workshop. 



2. State why you participated in the CI^ computer workshop. 



3. List three changes, in you as an individual or teacher, that can be attributed to your 
participation in the CI^ sessions, 

a) 
b) 
c) 



301 
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4. Identify the three most important experiences that occurred during the training, 
a) 



b) 
c) 



5. List the subject areas, identified in the training where computer use benefits your 
students. 



6. List the computer applications, identified in training, that benefit your students. 



7. List the subject areas, discussed in training, where you think computer use benefits you. 



8. List the computer applications, utilized in training, that benefit you. 



9. Do you feel you know enough about computers to make effective use of 
them in your teaching? 



10. How has the non^computer content of what you teach been affected by your increasing 
computer knowledge? 



"in o 
o J ^ 
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CP Project Long Term Assessment 

Name: 

School: 



Instructions for Part 1: 

Fornimibers 1-9 bslow, please circle yes or no. 

1. Do you still have, use, or reference the computer workshop handouts/materials? 

YES NO 

2. Prior to the computer workshop, was there an in-school computer interest or support group at 
your school? 

YES NO 

3- Following the completion of the workshops, has a compuf^r interest or support group been 
formed? 

YES NO 

4. Have you requested that your school or department purchase any software within the last year? 

YES NO 

5. Do you use the school district's software preview center? 

YES NO 

6. Do you have a computer in your home? 

YES NO 

If you circled YES, 

(a) What brand and model is it? 



(b) Do you bring it into the classroom? 

YES NO 

7. Do you plan to purchase a personal computer within the next 12 months? 



YES NO 



8. Does the integration of the computer in education change the prionties of what should be taught 
in the curriculum? 

YES NO 



303 
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9* Do you feel that you know enough about computers to make effective use of them in your 
teaching? 

YES NO 

10. (a) List the names of the top five compute** p ^grams/packages that you use either in your role 
as an educator or for persona) use. 



(b) Indicate the approximate number of computer programs/packages you use with your 
classes? 



(c) Indicate the approximate number of computer programs/packages that are for your 
personal use? 



11. List the names of the top five computer programs^ackages (titles) that you use or have used 
most fiequendy with your stodents. 



On <) 
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instructions for Part 2: 

Please answer each of the following questions with a checkmark (V) . 

1. Before the inservice sessions, how involved v^eiie /ou in integrating computers into your 
curriculum? 

none slightly somewhat very 

2. Since the inservice training, have you increased your involvement in the integration of 
computers into the cunicrJum? 

none slightly modeiately much 

3. Before the training, were vou uait of a local computer support group? 
Yes No 

4. Since the training» have you ^ jn involved in starting a local computer support group or 
become a member of one? 

Yes No 

5. Since the inservice sessions, have you moeased you communications with others about 
integrating computers inu) the curriculum? 

Yes No 

If you checked "yes" to question number 5, please mdicate the approximate number of people 
you have communicated with in each of the following categories: 

Approximate 
Number of People Categories 

Shared information with people unaware of how to integrate computers into 

the curriculum. 

Exchanged infonnation with people already involved with integrating 

computers into the curriculunx 

Contacted other inservice session participants. 



6. Have you used any of the materials you received at the inservice sessions? 
Yes No 

If you checked "yes," how useful did you generally find the materials to be? Please check one. 
Useless Hardly useful Somewhat useful Very useful 

7. Do you think the type of training you received helps to promote computer integration into the 
curriculimi? Yes No 
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Learn from a Leader 

Dr. David Moursund's series on 
Computer Intergrated Instruction for Effective Inservice 
is now available through ICCE, 

Computer-Integrated Instruction: Efifective Inservice for: 

« Secondary School Mathemathics Teachers 
• Elementary School Teachers 



The series is based on work of a NSF project directed by Dr. Moursund. Written for inservice provid- 
ers, the materials of each title incompass an overview of computers in education and intergration of 
the computer-as-a-tool throughout the curriculm, an introduction to staff development, subject- 
specific material for inservice providers, and forms to gather information for evaluation. 

Purchasers receive a 3- ring binder with a hard copy of the material and a MacWrite disk version of 
the materials, allowing users to easily adapt materia"^ to individual needs. 

Each Title is $40*00 plus $3.50 shipping, district and Regional site licenses are available. 
Call or write for information: ICCE, U of 0, 1787 Agate St. Eugene OR 97403 (503) 686-4414 




AppleWorks for the 
Classroom 

ICCE s CiassWorks -AppleWorks for 
the Classrocm provides all ihc mate- 
rial you need to xnvcod\3x:z AppleWorks^ 
to your students. It includes detailed 
lesson plans, worksheets and quizzes* 
student and teacherdatadisks«54 trans- 
parency masters with annotations for 
group instruction. 

CtosWorfa was developed for middle 
school ai)U high schools. Use it as part 



of a computer literacy or computer 
applications course, or to introduce 
AppleWorks in content-area classes. 
CiassWorks also serves as an excel- 
lent supplement to other AppleWt}rLs 
materials. 

You need only one CiassWorks 
package for an entire class, or even 
an entire school! The package in- 
cludes a site license, allowing you to 
modify the materials and duplicate 
them for student use. All worksheets 
and quizzes are included on the 
teachers data disk. Use the materials 
as they are. or adapt (he disk version 
to your particular needs. (The Apple- 
Works program is required but not 
included.) 

WrinenbyRickTTiomas.C/flssWorits 
AppleWorks for the Classroom is 
180 pages plus disks, packaged in a 
8.5" X I r* spiral-binder. Singlecopy 
price is $44.95. 



"The projects are interesting and stu- 
dents can* t help but learn from them. 
The data disk containing all the files 
for the activities that are in the guide is 
copyable and teachers are encouraged 
to change or add files in order to tailor 
them to their own needs. Support 
materials include an excellent teacher s 
guide, overhead transparency masterj. 
and quizzes." Classroom Computer 
Learning October^ 1988 




lWi'99 CLASSROClM 
s6m%'AR£AHAltO 



To order, or receive more information . 
contact :1CCE^ University of Oregon^ 
1787 Agate St. Eugene OR 97403- 
9905. Call us at (503) 686-4414. 
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Introduction to 
Programming in 

Logo Using 

LogoWriter 

by 

Sharon Burrowos Yoder 

Designed for use either in teacher 
training or in an introductory secondary 
computer science class. Each section 
details new Lx)go priniitives or program- 
ming concepts and ends with suggested 
open-ended activities for practice. 
Numerous appendices include key sum- 
maries for the Apple. IBM. and Com- 
modore versions, a quick reference con- 
taining all LogoWriter primitives, and 
copies of the shapes pages. By Sharon 
Burrowes Yoder. $14.95 plus $2.50 U.S. 
shipping; $3.25 Alaska, Hawaii, outside 
U.S. and P.O. Box shipping. All billed 
orders are charged $2.50 for handling. 

To order, call or write ICCE. Univer- 
sity of Oregon, 1787 Agaie St.. Eugene. 
OR 97403-9905. Ph: 503/686-4414. 




Guides you through v^ord proc- 
essing, spreadsheet, database, com- 
munications, and graphics applica- 
tions. Using Microsoft Works for the 
Macintosh, you will design personal 
letterhead, complete and revise let- 
ters to parents, construct transpar- 
encies, modify gradebooks, and de- 
velop templates for recording fund- 
raising activities. The workbook in- 
cludes a data disk of templates and 
activities that accompany each 
lesson. Microsoft Works for the Macin- 
tosh has been extensively field-tested 
and is highly recommended for 
trainers of preservice or inservice 
workshops, and for individuals who 
want to increase their skills with 
Works. By Keith Wetzel. $19.95 plus 
52.50 U.S. shipping; $3.50 non-U.S., 
Alaska, Hawaii or P.O. Box shipping. 
Quantity discounts available. All 
billed orders are charged $2.50 for 
handling. 

To order, contact ICCE, University of 
Oregon, 1787 Agate St., Eugene, OR 
97403-9905. Ph: 503/686-4414. 



From the folks who brought you AppleWorks for 
Educators . . . Introducing 

Mi(Tosoft Works for the Macintosh'^: 
A Workbook for Educators 



ERLC 



GOOD JUST GOT BETTER! 



This revision of Linda Ralhjc's 
popular workbook improves upon 
the earlier edition by including a 
section on the mail merge function, 
expanded integration activities, a 
glossary, and The Computing 
Teacher's most current articles 
examining application software in 
the classroom. It guides the 
beginning - and now intermediate 
- AppleV/orks® user through 
word processing, database and 
spreadsheet management, and 
printer options. Each section 
provides step-by-step instructions 
and practical applications for edu- 
cators. 

The new AppleWorks for Educa* 
tors is laser printed and includes a 
data disk of working examples to 
guide you through each applica- 
tion as it appears in the workbook. 

With the busy workshop season 
right around the comer, now is the 
time to call in your order for the 
1988-89 version of AppleWorks 
for Educators - A Beginnbg and 
Intermediate Workbook. 




WORKBOOK 



ORDER FORM 








AppleWorks Priced || 


1 copibS of AppleWorks 




# Copies 


Price 


& each m 


Name 


M 


$22.95 


\ *10%for ICCE Member (include 


5-9 


$20.65 


1 ICCE member #) « 


Address 


10-99 


$18.35 1 


+ Shippinq « 
' *5%if mailed to P.C. 


City/Stato 


ShIpplngCost \ 


1 Box, Alaska, Canada, Hawaii. 


$0*20 


Add $2.50 


or outside U.S. « 


Postal Coda 


$21*50 


Add $3.50 


+ $2.50 for billed orders 


$51*90 


.Add $4.50 


1 TOTAL - 


Phono 


$91 up 


Add F;% of total 


* [3 Payment enclosed. (U.S funds 








ICCE M'jmber Number 


Call for pricos and snipping on largo 


drawn on U.S. bank.) 


(Members receive a 10% discount) 


orders: 503/686*441 4« 


□ Bill me. (Add $2.50 for handling). 



Mail to: ICCE, University of Oregon, 1787 Agate St., Eugene, OR 97403-9905; ph. 503/686-4414. 



:i':3 

mc 



International Council for Computers in Education 



An Invitation to Join and Receive Information 



If you are interested in obtaining: 

* Membership to ICCE, including a subscription to The Computing Teacher 
iK A Catalog of ICCE's books and courseware 

* Information about ICCE's Special Interest Groups 

^ Information about ICCE's Independent Study Courses 



Membership Rates for ICCE (includes subscription to The Computing Teacher) 
US Nonius 
1 year $28.50 $31.00 (US Funds) 
2.years^ $53.00 $58.0() (US Funds) 
3 years $76:00 $84.66 (US Funds) 

As a member of ICCE you receive a 10 % discount on all ICCE products, and discounts on SIG memberships and 
CALL, Digest. (Kcase list your ICCE membership number when you order lo receive the 10% discount) 



Fill out the form below and return it to: 

ICCE, University of Oregon, 1787 Agate St, Eugeno, OR 37403-9905 

If you have any questions or comments for ICCE,... 

please write us a note or give us a call at (503) 686- 4414. We would love to talk to you. 



r' 



Yes, 

I would like to join ICCE and/or receive information: 



Name 



Company/School 



Address 
City/State 



Fosiai Code 



Phone 



ICCE Member # Qi drudy t member) 



L. 



Please sign me up for 

year(s) membership to ICCE $_ 

TOTAL AMOUNT ENCLOSED $_ 

Please send me the following (at no charge): 



□ Catalog of ICCE products 

□ Info on ICCE Special Interval Groups & Membership 

□ Info on ICCE Independent Study Courses 



PAYMENT (Choose one): 

Check or Money Order enclosed, c JS Fundi only picwc) 

Charge my □ Visa Q Mastercard 



Name on card 



. exp. date . 



.J 
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END 

U • S • Dept • of Education 

Office of Education 
Research and 
Improvement (OERI ) 



ERIC 



Date Filmed 
March 29, 1991 



